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You ARE NOW PROPERLY PREPARED TO COMMENCE YOUR STUDY OF A.F., AaMmPLI=-
FY ING SYSTEMS AND A8 YOU PROGRESS THROUGH THIS BERIES OF LESBSONS, CONT )N
UALLY BEAR IN MIND THAT THIS INFORMATION WHICH IS NOW BEING GIVEN YOU NOT
ONLY APPLIEE TO PUBLIC ADDRESS SYSTEMS BUT IT APPLIES EQUALLY WELL TO THE
A.F. AMPLIFIGCR SYSTEMS AS USED JN CONJUNCTION WiTH TRANSMITTERS, TALKING
PICTURES, TELEV{SION, ETC.

IT 1S PERFECTLY LOGICAL THAT ONE MUST FIRST HAVE A 600D UNDERSTAND=
ING OF A.F. AMPLIFYING SYSTEMS
B8EFORE UNDERTAKING AN JINTENSIVE
STUDY OF PHONE=TRANSM|T TERS, BROAD
CASTING STATIONS,TALKING PICT=
URES OR TELEVISION BINCE THEAUD=-
$0 CHANNEL (N ANY ONE OF THESE
CASES MUST NOT ONLY BE PROPERLY
DESIGNED AND OPERATED IN 1TSELF
8UT MUST IN ADDITION BE PROPERLY
MATCHED UP WITH THE BALANCE OF
THE EQUIPMENT WITH WHICH IT 18
BEING USED.

By PRESENTING A.F. AmPLI=
F1ER SysTems To vou THE NATICHAL
WAY, vou wiLL FIND THAT UPON COM
PLETING THIS SPECIAL SERIES OF
LESSONS, YOU WILL NOT ONLY eE
CAPABLE OF CONSTRUCTING, INSTALL=
ING AND OPERATING PUBLIC ADDRESS
EQUIPMENT BUT YOU WILL IN ADDI-
TION BE IN A POSITION TO  APPLY
A.F. AMPLIFYING EQUIPMENT CORREGCT
LY TO EVERY POSB)BLE USE.
THE MICROPHONE F14.1

S INCE THE MICROPHONE 18 Microphone Arrangement for Voice Pick-up.
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AMPL, 8YSTEMS
THE FIRST UNIT WHICH HANDLES THE SOUND IN THE MAJORITY OF CASES WHERE
A.Fe AMPLIFIERS ARE USED, OUR FIRST STEP WILL BE TO CONSIDER THE CON=-

STRUCTION, OPERATION AND APPLICATION FOR THE DIFFERENT TYPES OF M| CRO=~
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PHONES NOW §N USE.

AS YOU WILL RECALL FROMYOUR
EARLIER STUDIES, THE PURPOSE OF THE
MICROPHONE IS TO CONVERT SOUNDWA=-
VES INTO CORRESPONDING ELECTRIC
CURRENT OR VOLTAGE VARIATJONS AND
THE FOLLOWING EXPLANATIONS ARE
GOING TO SHOW YOU DIFFERENT WAYS
IN WHICH TH18 CAN BE DONE.

THE SINGLE~BUTTON
CARBON M| CROPHONE

THE SINGLE=BUTTON CARBONM |-

CROPHONE 1S THE MOST EASILY UNDER
8TOOD MICROPHONE FROM THE STAND=-

Suspension

Rings PO INT OF CONSTRUCTION AND OPER-
ATION AND B0 WE SHALL CONSIDER
Fla.z THIS UNIT FIRST,

Single- Buttors Carbon Microphore
You ARE SHOWN A TYPICAL Mi-

CROPHONE OF THIS TYPE IN F1G.2,
WHEREAS FiG. 3 SHOWS YOU A DESK-STAND INTO WHJCH THIS SBAME MICROPHONE CAN
BE MOUNTED. THE MICROPHONE, YOU WiLL NOTICE, 18 HELD IN THE STAND (1%
MEANE OF SPECIAL SUSPENSION SPRINGS. THIS TYPE OF ISUSPENSION,AS SHOWN IN
F16.4,PROTECTS IT AGAINST MECHANICAL SHOCKS.

THE MICROPHONE UNIT ITSELF |S ENCLOSED IN A METALLJC HOUS INQ AND A
PERFORATED PLATE |3 FITTED OVER |TS FRONT SIDE 80 AS TO PROTECT THE DlA-
PHRAGM AND OTHER INTERNAL PART8,WH]LE AT THE SAME
TIME PERMITTING THE SOUND WAVES TO PASS THROUGH
IT WITHOUT UNDUE OBSTRUCTION 80 THAT THEY MAY
ACT UPON THE DjAPHRAGM,

THE BASIC CONSTRUCTIONAL FEATURES OF THE
S INGLE=~-BUTTON CARBON M|CROPHONE ARE I1LLUSTRATED
FOR YOou IN Fi1g, 5. NOTICE THAT THE TH IN DURA LUM | N
UM DIAPHRAGM IS S8TRETCHED ACROSS THE FRONT PORTJON
OF THE HOUSING BEHIND THE PERFORATED PLATE, AND
ITS RIM 1S IN DIRECT CONTACT WITH THE METAL HOUS-
ING, SO THAT THE DIAPHRAGM AND HOUSING IN TH|S CASE
S8ERVE TO COMPLETE PART OF THE ELECTRICAL CIRCUIT,

Suspension
Rings

A SMALL CHAMBER OR CUP CONTAINING CARBON GRAN
ULES 18 PLACED IN THE REAR PORTION OF THE HOUSING
AND A DISC WHICH IS CONNECTED TO THE CENTER OF
THE DIAPHRAGM PRESSBES AGAINST THE CARBON GRANULES,
THis CONSTITUTES WHAT 1S KNOWN AS A "suTTOoNn®.

Pase

FilGg.>
Desé 7ype
Microphone Stand.

IF A BATTERY I8 CONNECTED ACROSS THE TERMIN-
ALS OF THE MICROPHONE AS ILLUSTRATED IN Fig, 5,
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THEN BATTERY CURRENT WiLL FLOW THROUGH THE COMPRESSED CARBON GRANULES.
WHEN SOUND WAVES STRIKE AGAINST THE DIAPHRAGM, THE CORRESPONDING VAR A=
TIONS IN AJR PRESSURE CAUSE JT TO FLEX OR BEND IN ACCORDANCE WITH THE

PRESSURE VARJAT IONS AND THEREBY COMPRESS OR DECOMPRESS THE GRANULES.

IN OTHER WORDS, WHENEVER THE SOUND WAVE CAUSES THE AIR PRESSURE UPON
THE DJIAPHRAGM TO INCREASE, BENDING 1T INWARDS, THEN THIS MQ
TION OF THE DJAPHRAGM WiLL FORCE THE CARBON GRANULES CLOS-
ER TOGETHER AND THUS REDUCE THE ELECTRICAL RESISTANCE THRU
THE BUTTONe THE FLOW OF BATTERY CURRENT WILL THEREFORE BE
INCREASED,

ON THE OTHER HAND, WHENEVER THE SOUND WAVE CAUSES THE
AJR PRESSURE UPON THE DJAPHRAGM TO DECREASE SO THAT THE
DIAPHRAGM WILL BEND OUTWARDS, THEN THIS MOTION OF THE DIA-
PHRAGM WLL CAUSE THE CARBON GRANULES TO BE SUBJECTED  TO
LESS PRESSURE, PERMITTING THEM TO BECOME DECOMPRESSED  OR
MORE SEPARATED AND THIS WILL SERVE TO INCREASE THE RESIS=
TANCE THROUGH THE BUTTON. THE FLOW OF BATTERY CURRENT WILL
THEREFORE BE REDUCED.

M|CROPHONE INPUT CIRCUIT

Fig. 4
THE COMPLETE INPUT CIRCUIT AS USBED WITH AS[INGLE=S8UTT=~ The Mounted
ON MICROPHONE 1S JLLUSTRATED IN F1G.6 AND THE S8YSTEM OPER~ A@krofhaﬂc,
ATES A3 FOLLOWS?

THE MICROPHONE 1S CONNECTED IN SERIES WITH A 14 vc 3 voLT BATTERY,
A SWITCH AND THE PRIMARY WINDING OF A SPECIAL MICROPHONE TRANSFORMER.
THIS MICROPHONE TRANSFORMER IN APPEARANCE AND CONSTRUCTION 1S THE  SAME
AS ANY CONVENT IONAL A, F.TRANSFORMER,ONLY THAT ITS WINDINGS ARE SUCH THAT
THE PRIMARY MATCHES THE RESISTANCE OF THE MICROPHONE AND THE SECONDARY 18
DESIGNED TO MATCH THE IMPEDANCE OF THE AMPLIFJIER CIRCUIT TO WHICH IT 1S
CONNECTED. TRANSFORMERS OF THIS TYPE ARE GENERALLY knNowN As MICROPHONE
COUPLING TRANSFORMERS, A POTENTIOMETER,WHICH 18 CONNECTED ACROSS THE SEG
ONDARY WINDING, SERVES AS THE VOLUME CONTROL.

WiTH THE SWITCH CLOSED,A  UNIFORM

,///Housing FLOW OF BATTERY CURRENT WILL PASS THROUGH
g THE MICROPHONE,AS WELL AS THROUGH THE
——[Diaphragm PRIMARY WINDING OF THE TRANSFORMERe THE
AMOUNT OF THIS NORMAL MICROPHONE CURRENT
Carbon granules WILL DEPEND UPOM THE RESISTANCE OF  THE
; Battery BUTTON WITH THE MICROPHONE DJAPHRAGM IN
h‘l | ITS NEUTRAL POSITION, TOGETHER WITH THE RE

L

SISTANCE OF THE TRANSFORMER'S PRIMARY
WIND ING=~AT THE SAME TIME BEING ODEPEND=-
ENT UPON THE BATTERY VOLTAGE BEING USED.
IT 18 COMMON FOR CARBON MICROPHONES  TO
Ul—w HAVE A RESISTANCE OF 20C OHMS,ALTHOUGH
OTHER RESISTANCE RATINGS ARE EMPLOYED.

(_Perforated Plate SYMBoL THE CURRENT FLOW AT THI3 TIME 1S
A DIRECT CURRENT OF UNJFORM OR UNVARYING
FIG. § INTENSITY AND CAN BE JLLUSTRATED BY THE
HORIZONTAL LINE IN F1Ge7 WHICH 18 DRAWN
SLIGHTLY ABOVE AND PARALLEL TO THE BASE=

x
}
1
|
)
l
l
l
)
)
"

The microphone circuit.
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LINE OF ZERO CURRENT. THIS NORMAL FLOW OF CURRENT UPON PASSING THRU THE
PRIMARY WINDING WILL PRODUCE A MAGNETIC FIELD OF DEFINITE INTENSITY INTHE

TRANSFORMER CORE,

AS SOUND WAVES ARE IMPRESSED UPON THE DIAPHRAGM OF THE M{J CROPHONE,

Volume
Control

Microphone

THE FLOW OF BATTERY CUR-
RENT THROUGH THE MJCRO~
PHONE CIRCUIT WILL VARY
IN PROPORTION TO THE AIR
PRESSURE ACTING UPON THE
DIAPHRAGM AT ANY ONE [IN-
STANT. IN OTHER WORDS,
THE CURRENT WILL RISEAND
FALL WITH RESPECT TO THE
NORMAL CURRENT VALUE BUT
AT NO TIME DOES T RE=
VERBE IT8 DIRECTION OF
FLow. PUTTING §IT ANOTHER
WAY, WE NOow HAVE APULSA-
TING DIRECT CURRENT, wHosE

fo
\ Iy - °
13 to 3 YJ ( Microphone
Batery Transformer
Fiag. e
Microphone Ilnput Cricuit.

WAVE FORM WOULD APPEAR
SOMEWHAT AS SHOWN N Fia,
7 AT THE REGION LABELED

"CURRENT VARIATIONS" AND WOULD BE AN ELECTRICAL REPRODUCTION OF THE OR|)G=—
INAL SOUND WAVES WHICH ACT UPON THE DJAPHRAGM OF THE MJ)CROPHONE.

THIS VARIATION IN CURRENT FLOW WILL CAUSE THE MAGNETIC FIELD OF THE
TRANSFORMER TO VARY TS INTENSITY ACCORDINGLY AND BY MUTUAL [NDUCTION [N~
DUCE VOLTAGE VARIATIONS OF CORRESPONDING FREQUENCY ACROSS THE ENDS oF
THE TRANSFORMER 'S SECONDARY WINDING, A8 WELL AS ACRO8S THE ENDS OF THEVOL
UME CONTROL POTENTIOMETER, THE POSITION OF THE POTENTIOMETER ARM DETERM=
INES WHAT PROPORTJON OF THE MAXIMUM SJGMAL VOLTAGE AVAILASLE ACROSS THE
ENDS OF THE SECONDARY WINDING ARE TO BE APPLIED TO THE INPUT OF THE AMP=

LIFIER AND IN THIS WAY CONTROL THE VOLUME.

THE 8INGLE-~BUTTON MJCROPHONE IS RATHER LIMITED A8 TO THE

FREQUENCY

RANGE OVER WHICH T WILL SATISFACTORILY RESPOND, GOOD MJCROPHONES OF THIS
TYPE SELDOM PROPERLY HANDLE A FREQUENCY RANGE EXCEEDING THAT FRom |00 To

3000 cYCLES AND FOR THIS REASON THEIR USE IS CONFINED CHIEFLY TO

S8PEECH

REPRODUCTION ONLY AND NOT FOR THE REPRODUCT)ION OF MUS{]C.

THE DOUBLE-BUTTON M|CROPHONE

THE DOUBLE=SUTTON CARBON MJCROPHONE
1S BETTER ADAPTED TOWARDS HANDLING A
GREATER FREQUENCY RANGE AND A PHOTOGRAPH
OF SUCH A UNIT APPEARS IN F1G.8:. THE [IN=
TERNAL CONSTRUCTION OF THE SAME TYPE OF
M{CROPHONE IS SHOWN YoU N F16.9. THEPART
1CULAR MJCROPHONE WHICH IS JLLUSTRATED IN
Fige 9 18 OF THE HIGH QUALITY TYPE AND
WAS DES)GNED FOR USE IN BROADCASTING STAT
IONS AND FOR OTHER APPLICATIONS WHERE GOOD
FREQUENCY CHARACTERISTICS ARE OF IMPOR=
TANCE, H1GH GRADE DOUBLE=~BUTTON CARBON
MICROPHONES ARE FREQUENTLY CAPABLE oF

Curt_fen_k
variations

Diaphragm
stationary.

.
: ‘
Pd i

=

FiGg. 7
Microphone current.
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SATISFACTORILY HANDLING A FREQUENCY RANGE OF 50 to 86,000 CYCLES OR MORE.

IN THIS MICROPHONE ALS80, THE
DIAPHRAGM 18 MADE OF A THIN, LIGHT
DISC OF DURALUMINUM AND WHICH iIs
STRETCHED UNTIL 1TS RESONANT FREQUEN
CY 1S APPROX IMATELY 5700 cvcLES.THE
REASON FOR STRETCHING THE DIAPHRAGM
IN THIS MANNER S 'TO 'CAUSE TS NAT=’
URAL VIBRATING PERJOD TO BE SUFF|C=
{ENTLY HIGH SO THAT IT 18 ABOVE THE

USUAL AUDIO RANGE ENCOUNTERED IN
NORMAL USE'AND WiLL THEREFORE PRE=
VENT ANY BLASTING WHICH WOULD BE

CAQSFD BY THE SOUNDING OF A MUS|CAL
NOTE’OF THE SAME FREQUENCY AS THE
RESONANT FREQUENCY OF THE DJAPHRAGM.

IT 18 ALSO IMPORTANT TO NOTE
THAT THE DIAPHRAGM (8 PLACED A 8HORT
DISTANCE FROM A FLAT METAL PLATE
WHICH 18 KNOWN As THE DAMPING PLATE
80 THAT AIR )8 TRAPPED BETWEEN THIS
PLATE AND THE DIAPHRAGMWITH  THISB
TYPE OF CONSTRUCT ION,A HIGH DAMP NG
EFFECT 18 OBTAINED DUE TO THE COMP-

SLJspcmsTon l’fng}

Bridge

-

*
Diaphragm___—

Filga. 8
Double - Button Microphorie-

RESSJON OF THE AIR BETWEEN THEM AS THE DIAPHRAGM IS ACTUATED. THIS ACTION
18 STILL FURTHER AIDED BY THE CUSHIONING EFFECT OF THE AIR IN THE DAMPING
PLATE GROOVE WHICH I8 ALSO POINTED OUT N FiGs 9. BOTH OF THESE FEATURES

TOGETHER HELP TO MAKE THE VARIATIONS

IN MJCROPHONE CURRENT TO CONFORM EX=

ACTLY TO THE VARJATIONS IN IMPRESSED SOUND WAVES THROUGHOUT THE ENTIREFRE

QUENCY RANGE OF THE INSTRUMENT.,

S0 MUCH FOR THE CONSTRUCTIONAL FEATURES OF THE DOUBLE=BUTTON MICRO=

PHONE., NOW LET US CONSIDER ITS8 OPERATION

METHODS OF USING [Te

GRANUL AH
CARBON

—a

l I~ompwuc.y.

DAMPING
PLATF GROOVE

( FinNal
STRETCHING
RING

T AL
STRE T gy
N

Fla. 9

of Double - Buttor
Microphane.

Comstruction

IN GREATER DETAlL AND THE PROPER

OPERATICN OF THE DOUBLE-
BUTTON M1CROPHONE

IN F1as 10 YOU ARE SHOWN A
SIMPLIFIED CIAGRAM OF THE DOUBLE=
BUTTON M| CROPHONE, TOGETHER  WITH
ITS ASSOCIATED CIRCUIT,;80 THAT YOU
CAN OBTAIN A CLEAR MENTAL PICTURE
OF 1TSS OPERAT|ON.

OsseRVE cLoseLy IN Fie.l0
THAT THE MICROPHONE COUPLING TRANS=
FORMER IN THIS CASE HAS A CENTER-
TAPPED PRIMARY WINDING AND  THAT
THE CENTER TAP |8 CONNECTED TO THE
DIAPHRAGM OF THE MJCROPHONE WI{TH
THE MICROPHONE BATTERY AND SWITCH
I{N SERIES. THE ENDS OF THE COUP=
LING TRANSFCRMER 'S PRIMARY WIND=
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ING ARE CONNECTED ACROSS THE TWO MJCROPHONE TERMINALS WHICH MAKE CONTACT
WITH THE CUP CONTAINING .THE CARBON GRANULES.,

THE BATTERY CURRENT THUS HAS TWO PATHS AVA(|LABLE,THAT 1S, T CAN
FLOW THROUGH THE LEFT BUTTON OF THE MiCROPHONE, A8 WELL AS THE LEFT HALF
OF THE PRIMARY WINDING AND ALSO THROUGH THE RIGHT BUTTON AND THE RIGHT

HALF OF THE PRIMARY WINDING,

Now THEN, A8 THE AIR PRESSURE CHANGES CORRESPONDING TO THE B8OUND
WAVES ARE IMPRESSED UPON THE M]CROPHONE'S DIAPHRAGM SO A8 TO CAUSE IT TO
"sENO" IN ONE DIiRECTION, THEN THE CURRENT THROUGH ONE SIDE OF THE TRANS=
FORMER 'S PRIMARY WINDING WILL INCREASE WHILE THE CURRENT THROUGH THE
OTHER SIDE OR HALF WILL AT THE SAME TIME DECREASE. IN OTHER WORDS, IF IN
Fice |0 THE DIAPHRAGM AT  ONE
PARTJCULAR INSTANT 1§ BENT TO=-

Diap”'\l’agm \'

M WARDS THE LEFT, THEN THE CURR-
)/ ENT THROUGH THE LEFT HALF OF
Opening THE CIRCUIT WILL INCREASE AND

Carbon THAT THROUGH THE RIGHT HALF
qranules WILL DECREASE; WHEREAS IF THE
‘/T""'“”"a' DIAPHRAGM HAPPENS TO BE  BENT

TOWARDS THE RIGHT,THE CURRENT

THROUGH THE RJGHT HALF OF THE
CIRCUIT WILL INCREASE AND THAT
THROUGH THE LEFT HALF WILL DE=-
CREASE CORRESPONDINGLY. THuS
WE HAVE A PUSH=PULL EFFECT AND

Rheostat, B"’Hf'/w THE CHARACTERISTIC OF WHICH I8
s TO ELIMINATE DISTORTION PRO=-
= DUCED BY EVEN HARMONICS IN THE

Wa"sﬁz 2 CURRENT OR VOLTAGE.

THE PURPOSE OF THE RHEOQe
8TAT "IN F16,10 18 TO OFFER A
MEANE OF CONTROLLING THE NOR-
. --=~ To Amplifier __.--a MAL VALUE OF M|CROPHONE CURR=
ENTe IN THE MICROPHONE OF F g,
9, FOR INSTANCE, THE NORMAL OP=

L Fia. 10 FRATING CURRENT 8 30 MILLIAM=
Principles of the Double - Buors PERES PER BUTTON AND QUITE OF=
M/'cro,ohone_ TEN, A MILLIAMMETER |8 PERMAN=

ENTLY INSTALLED IN THE MICRO=
PHONE CIRCUIT FOR CHECKING PURPOSES.

THE cHANGES IN CURRENT THROUGH THE TWO HALVES OF THE PRIMARY WIND-
ING OF THE COUPLING TRANSFORMER, AS BROUGHT ABOUT B8Y THE ACTION OF THE
D 1 APHRAGM, PRODUCE A CORRESPONDING RESULTANT CHANGE IN FLUX IN THE TRANS=-
FORMER CORE 80 AS TO [NDUCE CORRESPONDING VOLTAGE CHANGES §N THE SECOND=
ARY WIND ING WHICH ARE TO BE APPLIED TO THE INPUT CIRCUIT OF THE AMPLIFIER.

THE BATTERY VOLTAGE USED FOR ENERGIZING THE MICROPHONE CiRCUIT MAY
VARY FROM 3 TO 6 VOLTE §IN THE FORM OF DRY CELLS OR A STORAGE BATTERY, DE=
PENDING UPON THE REQUIREMENTS OF THE PART ICULAR TYPE OF MlCROPHONE AND
THE MANNER N WHICH |IT S8 BEING USED.

ONE OF THE CHIEF ADVANTAGES OF THE CARBON MICROPHONE S THAT ITs
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SENSITIVITY §8 COMPARATIVELY HIGH, IN THAT THE AMOUNT OF ELECTRICAL ENe=
ERGY WHICH (8 CONTROLLED BY THE PRESSURE OF THE SOUND WAVE ON THE DIA=
PHRAGM 1S CONSIDERABLY GREATER THAN THE ENERQY OF THE 80UND. IT 18 FOR
THIE REASON THAT IN THE MAJORITY OF CASES, THE CARBON MICROPHONE CAN 88U
PPLY THE S8I1GNAL ENERGY DIRECTLY INTO THE INPUT OF THE AMPLIFIER THROUGH A
COUPLING TRANSFORMER AND WITHOUT THE USE OF AN AUXILIARY OR BOOSTER AMP=
LIFIER BETWEEN THE MICROPHONE AND THE REGQULAR AMPLIFIER.

ONE OF THE MOST NOTICEABLE DISADVANTAGES OF CARBON MJCROPHONES 18
THE CONTINUOUS HISSING AND FRYING SOUND WHICH THEY EMIT ALTHOUGH THIE HAS
IN SOME CASES BEEN REDUCED TO A REMARKABLE DEGREE )N SOME OF THE LATER
DES IGNS e

CARBON MICROPHONES ARE AVAILABLE IN A WIDE VARJETY OF DESIGNS AND
EACH OF WHICH |8 ADAPTED BESY TO SOME PART |CULAR USE. SOME OF THESE HAVE
ALREADY BEEN SHOWN YOU IN PREVIOUS JLLUSTRATIONS IN THIS LESSON WHILEF1G.
I1 sHOW8 YOU FOUR POPULAR MODELS OF UNiversaL M)CROPHONES,

THE UNgveErsaL BULLET TYPE MICROPHONE IN Fi1g. |l, FOR INSTANCE, COMN=
51STS OF A TUBE WITH A CENTER PARTITION, PROVIDING SPACE FOR A  STANDARD
13 voLT No. 6 DRY CELL. THE MICROPHONE HEAD 18 FIXED, ASSURING A VERTICAL
POSITION AT ALL TIMES., FLEXIBLE WIRE CONNECTJONS, LONG ENOUGH TO  PERMIT

Bullek TLj pe

Handy - Mike

Fig. 11

Various Carbon Mrcrophone Desigrs.
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EASY REPLACEMENT ARE ALSO PROVIDED, RUBBER CUSBHIONS AND SPRING TENS JON
8IDES MAKE A VERY RUGGED ASSEMBLY THAT PERMITS A GREAT DEAL OF HANDL ING
AND TRANSPORTATION W]THOUT AFFECT ING PERFORMANCE.

Tue TCRPEDO mM1CROPHONE SHOWN AT THE UPPER RIGHT OF Fig. ] was De~
BIGNED WITH THE INTENTION OF HAVING A COMPACT UNIT AND WITH THE INTERNAL
PARTS OF THE MJ]CROPHONE FULLY PROTECTED AGA [NST MECHAN ICAL §NJURY,

Tue HANDI-MIKE AT THE LOWER RIGHT OF FiG. || 1S DESIGNED WHERE EASE
OF HANDLING 1S REQUIRED, AS IS ALSO THE CASE FOR PUBLIC ADDRESS WORK.THIS
MICROPHONE HAS A HANDLE BUJLT ON TO §T SO THAT §T CAN BE HELD WITH CONVEN=
IENCE IN THE PROPER POSITION FOR SPEAKING
PURPOSES. THE MICROPHONE SBWITCH §8 BUILT
DIRECTLY IN THE HANDLE SO THAT THE M ICRO-
PHONE CIRCUIT CAN BE COMPLETED OR INTERR-
UPTED WITH THE UTMOST OF EASEs A  THREE=
WIRE CABLE LEADS DIRECTLY FROM THE MICRO-
PHONE TO THE COUPLING TRANSFORMER AND 18
OF SUFFICIENT LENGTH THAT §T S MOSTPRACT
ICAL FOR HANDLING PURPOSES, THE EYE 18 PRQ
VIDED FOR SUSPENDING THE MICROPHONE WHEN
IT 1S EITHER IN OR OUT OF USE.

Now THAT YOU ARE FAMILAIR WITH THE
VARIOUS TYPES OF CARBON MJCROPHONES, LET
US NEXT TURN OUR ATTENTION To THE GONDEN-
SER MICROPHONE.

THE CONDENSER M|CROPHONE

In Fige |12 YOU ARE SHOWN A TYPICAL
CONDENSER M|CROPHONE, TOGETHER W TH 178
PRE~AMPLIFIER, THE MICROPHONE UNIT ITSELF,
YOU WILL OBSERVE, IS MOUNTED OVER ONE END
OF A CYLINDRICAL HOUSING IN WHICH THE PRE
: AMPLIFIER |8 CONTAINED, ONE LONG WIRECAB=

Ela. 12 LE 18 THEN USED TO CONNECT THE  COMPLETE
ASSEMBLY TO THE CONVENTIONAL AMPLIFIER IN
The Condenser TO WHICH IT 1S INTENDED TO OPERATE.
Microphore.

HaviNG FAMJLIAR]IZED YOURSELF WITH

THE GENERAL APPEARANCE OF THE ASSEMBLY, LET US NOW CONS{IDER ITS INTERNAL
CONSTRUCT ION N GREATER DETAILe ] HE CONSTRUCT 1ON OF THE CONDENSERMJ CROPHONE
ITSELF IS JLLUSTRATED FOR YOU INF 1G. |3 AND BY STUDYING TH1S DRAWING IN CON--
JUNCTION WITH THE FOLLOWING DEBCRIPT JON, YOU SHOULD ACQUIRE A GOOD MENTAL PIC~
TURE OF THIS UNIT,.

THIS MICROPHONE IS IN REALLITY A CONDENSER AS IT8 NAME |NDJCATES AND
IN WHICH ONE PLATE IS FIXED, WHILE THE OTHER 8 A DJAPHRAGM AGAINST WHICH
THE SOUND WAVES ACT,

THE DIAPHRAGM OF THIS MICROPHONE |S DURALUMINUM OF  APPROXIMATELY
0,001 1" THICKNESS AND STRETCHED UNTIL ITS RESONANT FREQUENCY 18 IN THE
ORDER OF 5000 cYCLES,

IN THE CONDENSER MJCROPHONE, ACOUSTIC DAMPING 18 ALSO MADE USE OF AND
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IT 18 PROVIDED BY THE AIR WHICH 18 TRAPPED BETWEEN THE OJAPHRAGM AND THE
BACK PLATE AND |8 CONTROLLED BY A SERJES OF GRCOVES WHICH BNTERSECT EACH=
OTHER AT RIGHT ANGLES, WITH HOLES DRILLED THROUGH THE BACK PLATE AT THE
INTERSECT §ONSe

IN ORDER THAT SMALL MOVEMENTS OF THE DIAPHRAGM WILL CHANGE THE CAP-
ACITY APPRECIABLY, THE SPACING BETWEEN THE DIAPHRAGM AND BACK PLATE MUST
BE AS SMALL AS POSSIBLE. IN THE PART|CULAR M]|CROPHONE HERE JLLUSTRATED,
THIS SPACING AMOUNTS To ONLy 0.001¥,

SINEE A RATHER H{GH POTENTIAL 8 TO BE APPLJED ACROSS THE TWOACTIVE
PLATES OF THIS CONDENSER AND THE SPACE BETWEEN THE PLATES BEING 80 SMALL,
GREAT CARE MUST BE EXERCISED SO THAT NO DUST WiLlL BECOME LODGED IN THIS
S8PACEs THIS 18 ACCOMPLISHED BY SEALING THE MICROPHONE FROM THE OUTSIDEAIR
AND FILLING IT WITH NITROGEN SO AS TO GUARD AGAINST CORROSION. A  COMPEN-
SAT“NG DIAPHRAGM MADE OF ORGANIC MATERJAL AND HAVING CONSIDERABLE FLEXIBIL
ITY 18 USED AS A PART OF THI8 SEAL S0 A8 TO EQUALIZE THE PRESS8URES,

COMPENSATEING

THE S8PACE BEHIND THE BACK PLATE b BiAPHRAGH Fgéo
$18 CONNECTED TO THE REMAINING AIR —— T
SPACES THROUGH AN ACOUSTIC VALVE AND
WHICH CONS)STS OF A DISK OF 81LK CLAM
PED BETWEEN TWO ALUMINUM RINGS. THIS
18 DONE SO AS TO AVOID RESONANCES (N
THE AIR SPACES OF THE MICROPHONE.

CONNECT ING THE CONDENSER
MICROPHONE TO THE CIRCUIT

ey bl s~b=y Ly Ly v m o]
DAMPING ACOUSTIC
PLATE GROOVE ~  VALVE

WHERE EXTREMELY FAITHFUL  RE=-

PRODUCTION 18 REQUIRED AND EXPENSE 18 Fla. 13
NO HANDICAP, THE CONDENSERMICROPHONE Conséruction of the Condenser
WiLL BE FOUND TO HAVE AN IMPROVED Microphone

RESPONSE=CHARACTERISTIC OVER THE CAR=
BON TYPE, HOWEVER, 1TS SENSITIVITY 18 MUCH LONER THAN THAT OF THE CARBON
M1 CROPHONE AND FOR THIS REASON A PRE=AMPLIFIER |8 NECESSARY. THISPRE=AMP=
LIFIER, AS HAS ALREADY BEEN MENTIONED, 18 GENERALLY MOUNTED A8 .A PART OF
THE MICROPHONE ASSEMBLY SO THAT )T WiILL BE AS CLOSE AS POSE|BLE TO THE M]
CROPHONE AND IN THIS WAY REDUCE THE LOSS IN ENERGY BETWEEN THE MJCROPHONE
AND THE PRE=AMPLIFIER TO A MINIMUM, SOMETIMES, THESE PRE-AMPLIFIERS ARE
cAaLLeED HEAD AMPLIFIERS.

IN Firae 14, YOU ARE SHOWN THE CIRCUIT DJIAGRAM OF THE INPUT CIRCUITOF
A TYPICAL PRE=AMPLIFJER AND THE MANNER OF CONNECTING THE MICROPHONE TO T,
By stuovinGg Fiag. 14, You wiLL OBSERVE THAT A SOURCE OF "B" VOLTAGE 18 APP
LIED ACROSS THE PLATES OF THE MICROPHONE THROUGH THE RESISTOR R; THEREBY
PLACING AN ELECTRICAL CHARGE UPON THE TWO PLATES.

AS SOUND WAVES ACT UPON THE DIAPHRAGM AND THEREBY CAUSE THE PLATES
OF THIS CONDENSER TO BE MOVED CLOSER TOGETHER AND FARTHER APART ACCORDING
LY, THE CAPACITY OF THE CONDENSER WILL BE CORRESPONDINGLY VARIEDs  SINCE
THE CAPACITY OF THE CONDENSER I8 CHANGED IN PROPORTION TO THE SDUND WAVES
ACTING UPON IT, THE CHARGING CURRENT WHICH MUST FLOW THRouaH R, In Fia. 14
WILL VARY ACCORDINGLY AND THE RESULTING VOLTAGE VARJIATIONS ACROSS Ry WiLL
THUS BE AN ELECTICAL REPRODUCT ION OF THE ORIGINAL SOUND WAVES. THESE VOL=-
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TAGE CHANGES ACROSS R, WILL THEN BE APPLIED THROUGH COUPLING CONDENSER
"CU AND ACROSS THE GRID CIRCUIT OF THE VACUUM TUBE. IN OTHER WORDS, THIS
1S JUST ANOTHER EXAMPLE OF RESISTANCE~CAPACITY COUPLING AND AFTER THE
SIGNAL VOLTAGE CHANGES ARE ONCE APPLIED TO THE GRID OF THE FIRST TUBE (N
THE PRE=AMPLIFJER, THEY ARE AMPLIFIED IN THE USUAL MANNER.

—
Condenser M;croPhone, IN Fige I5 YoUuARE

e SEHOWN A TWO=-STAGE, CON
—| DENSER MICROPHONE, PRE=
AMPLIFIER CIRCUIT,
§ WHICH IN ADDITION TO
R, R SHOWING YOU HOW THEM|=
CROPHONE IS CONNECTED
TO 1T, ALSO SHOWS HOW
‘THE OUTPUT OF THE PRE-
AMPLIFIER 18 TO 8E
B CONNECTED TO THE MAIN
—i |11 - \

||
Al

—y

AMPLIFIER THROUGH A
400 TO 600 OHM LINE,

FiGg. 14

CONS | DERABLE CARE
The Pre- Ampli Frer:

MUST BE EXERCISED IN
THE DESIGN OF THE PRE~
AMPLIFIZR AS USED WITH THE CONDENSER MICROPHONE., FOR EXAMPLE, THE CAPACITY
WHICH 1S SHUNTED ACROSS THE MICROPHONE BY THE LEADS AND AMPLIFIER TUBE
MUST BE SMALL IN COMPARISON TO THE CAPACITY OF THE M|CROPHONE AND THE
EQUIVALENT RESISTANCE WHICH IS FORMED BY Ry AND R, IN PARALLEL IN Fig. 14
SHOULD AT LEAST BE AS GREAT AS THE REACTANCE WHICH THE CAPACITY FORMED BY
THE MICROPHONE, ITS LEADS AND THE AMPLIFIER TUBE HAS AT THE LOWEST FRE=-
QUENCY WHICH IS TO BE REPRODUCED,

THE EFFECT OF A LOW SHUNTING CAPACITY INCREASES THE SENSITIVITY BE=
CAUSE AS THE DIAPHRAGM VIBRATES AND CHANGES THE CAPACITY OF THEMICROPHONE,
THE RESULTING POTENTIAL VARIATIONS ARE PROPORTIONAL TO THE CHANGE IN CA=-
PACITY DIVIDED BY THE TOTAL CAPACITY, PROVIDED THE RESISTANCE Ry aND R,

ARE LARGE ENOUGH TO PREVENT APPRECIABLE CHANGE N THE CHARGE ON THEM|CRO=
PHONE PLATES,

IF THESERESIS- .015 Méd acs ouTPUT
TANCES ARE HOT LARGE 3 T (veLLOW)
ENOUGH, THERE WiLL BE | o3
ENOUGH CHARGE FLOW— §§ - ;t_“n£w4
ING IN AND OUT OF =3 o] !

THE CONQENSER AT LOW
- | "1 B 4 OUTPUT
FREQUENCIES TO RE=- Ll O (GREEN)
S Y +A-6V.
DUCE THE POTENTIAL §§ £ ~0 (WHT)
VARIATIONS APPRECI- . J -2
asL ona. | [ ¢ -A -6V,
O Microphone 33 _r'o(SHIELD)(bLK)
2S5 ME :: P
THER | BBON M1 CROPHONE 4; 3d F
+200V.
O (RreD)’

UNLIKE THEcon FIG. 1SA
DENSER OR CARBON
TYPE M1 CROPHONES, Fla. 1B

WHICH ARE VALVES OR

A Two- Stage PFPre-Amplifier
MECHANICAL  GOVER=
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. NERS, THE R1BBON MICROPHONE OR "VELOCITY MICROPHONE", AS IT 1S SOMETIMES
CALLED, IS A GENERATOR OF ELECTRICAL IMPULSES SIMILAR TO APHCNOGRAPH PIGCK
UP., THE OUTPUT OBTAINED FROM THE RIBBON MICROPHONE IS ALSO OF A RATHERLOW
LEVEL AND FOR THIS8 REASON A PRE~AMPLIFIER MUST ALSO BE USED WITH [T, THE
S8AME AS IN THE CASE OF THE CONDENSER MICROPHONE. THE RIBBON M |CROPHONE,
HOWEVER, IS A LOW IMPEDANCE "Pick UP DEVICEM, WHEREAS THE CONDENSERM]CRO-
PHONE IS OF A HIGH IMPEDANCE ORDERe

INn F1a., 16 YoU ARE SHOWN A TYPTPCAL RIBBON MICROPHONE, TOGETHER WI|TH
ITS PRE=AMPLIFIER, THE MICROPHONE ITSELF CONSISTS ONLY OF THE SMALL BOX=
LIKE STRUCTURE AT THE LOWER END OF THE UNIT,WHILE THE UPPER PORTION 18 THE
PRE=AMPLIFIER OR "M|CROPHONE AMPLIFIER,AS IT 15 SOME —
Times cALLES. THE SAME UNIT AGAIN APPEARS IN Fia. Amplifier,
17 WHERE PORTIONS OF THE HOUSING HAVE BEEN REMOVED
60 THAT THE PARTS OF BOTH THE MICROPHONE AND  THE
PRE~AMPL IF|ER CAN BE CLEARLY SEEN.

IN THIS MICROPHONE, THE DIAFHRAGM IS REPLACED
WITH A LIGHT RIBBON MADE OF DURALUM |NUM, BEING
APPROXIMATELY 2 To 3" Lona, 3/18" wioe ano ONE=
HALF THOUSANDTH OF AN INCH THICKe |T 18 CORRUGATED
TRANVERSELY IN ORDER TO PREVENT STANDING WAVES ON
THE SURFACE OF THE RIBBON AND TO KEEP THE NATURAL
FREQUENCY OF THE RIBBON OUT OF THE AUDIO FREQUENCY
RANGE.

THE OPERATION OF THIS MJICROPHONE CAN NO DOUBT
BE DESCRIBED BEST WITH THE A1D OF F1G.18. HERE YOU
WiLL SEE THE HORSESHOE MAGNET WITH TS TWo POLE
PIECES AND INSTEAD OF BEING A PERMANENT MAGNET, IT
1S ENERGIZED BY A FIELD COIL ACROSS WHICH A 6 voLT
BATTERY 18 CONNECTED. BY USING AN ELECTROMAGNET AS
THI8, THE MAGNETIC FLUX CAN BE MADE MUCH GREATER
THAN WOULD BE POSSIBLE WITH A PERMANENT MAGNET OF
THE SAME S|ZEe

/

OPERAT ION OF THE RIBBON MICROPHONE Microphone
INn Fig. 18,YoU WILL ALSO OBSERVE HOW THE DUR= Fla. 1o
ALUMINUM RIBBON IS SUSPENDED BY TWO INSULATORS BE=- Ribbon Microphone
TWEEN THE POLE PIECES OF THE MAGNET BUT BEAR IN ity Bre -Amplifier
MIND THAT THE RIBBON 18 SUSPENDED LOOSELY anp NOT e-Aamplifrer.
UNDER TENSION. THE ENDS OF THE RIBBON ARE CONNECTED ACROSE THE PR IMARY

WINDING OF AN INPUT TRANSFORMER, THUS PLACING THE RI1380N IN A COMPLETECI|R-
CUIT.

WiTH THE ELECTROMAGNET ENERG| ZED, THE RESULT ING MAGNETIC LINES oF
FORCE WILL BE IN A TRANSVERSE POSITION WITH RESPECT TO THE R|IBBON, THAT IS,
FROM RIGHT TO LEFT AS WE ARE NOW LOOKING AT IT ON PAPER. Now THEN, AS

SOUND WAVES STRIKE THE FLAT SIDES OF THE R|BBON, THE RIB8BON WiLL BE FORCED
TO MOVE FORWARD AND BACKWARD UNDER THE INFLUENCE OF THE CHANGING AIR PRE=
SSURES, WHICH ARE CAUSED BY THE SOUND WAVE,

TH13 MOVEMENT OF THE RIBBON CAUSES IT TO CUT THE LINES OF FORCE BE~
TWEEN THE POLES OF THE ELECTROMAGNET AND SINCE THE RIBBON HAS A COMPLETE
CIRCUIT THROUGH THE PRIMARY WINDING OF THE INPUT TRANSFORMER, WEAK ALTER=
NATING CURRENTS ARE INDUCED IN THE RIBBON AND THUS FLOW THROUGH THE PR =

L
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Pre-

amplifier ™\

Fla 17

Construction of the
Ribborn Microphonre.

THE SOUND WAVES STRIKE EITHER OF ITS TWO FLAT S|DES. SHOULD THE

MARY WINDING OF THE INPUT TRANSFORMER,

THE RAPIDITY WITH WH|CH THE R |BBON
MOVES BACK AND FORTH 1S GOVERNED BY THE SPEED
AT WHICH THE AIR COMPRESSIONS AND RAREFAC—~
TIONS STRIKE |T AND THESE ARE IN TURNDEPEND=
ENT UPON THE FREQUENCY OF THE SOUND WHICH
CAUSES THE AIR DISTURBANCE. |T THUS FOLLOWS
THAT THE RIBBON'S MOVEMENT WILL HAVE A FRE=-
QUENCY EQUIVALENT TO THAT OF THE SOUND CAUS
ING ITS8 MOTION AND THEREFORE, THE INDUCED CUR
RENTS IN ITS CIRCUIT WILL BE OF ACORRESPOND
ING FREQUENCY,

THE AMPLITUDE OF THE RIBBON'S MOVEMENT
WiLL BE INCREASED B8Y A LOUDER SOUND BECAUSE
THE AIR DISTURBANCE UNDER THESE CONDITIONS I8
MORE VIGOROUS, THIS WILL CAUSE A GREATERCUR=
RENT FLOW THROUGH THE RIBBON BECAUSE THE Rli=
BBON WILL NOW BE CUTTING MORE LINES OF FORCE.

THESE AUDIO FREQUENCY CURRENT  VAR}A=-
TIONS ARE TRANSFERRED FROM THER|BBON. CIRCUIT
TO THE MICROPHONE AMPLIFIER BY MEANS OF THE
INPUT TRANSFORMER OF F1Gs 18, THE AMPLIFIER
CONSISTS OF THREE STAGES,EMPLOYING TUBES OF
THE 864 TYPE, WHOSE FILAMENT VOLTAGE 1S SUPP=
LIED BY THE SAME 6 VOLT BATTERY, WHICH ENER=
G1ZES THE ELECTROMAGNET, THE OUTPUT OF  THE
MJ]CROPHONE AMPLIFIER CAN BE FED INTO THEMAIN
AMPLIFIER FOR FURTHER AMPLIFICATION. Now LET
US CONSIDER THE DIRECTIONAL QUALITIES OoF
THIS8 MICROPHONES,

Due TO THE FLAT AND THINLY CONSTRUCTED
RIBBON, IT I3 0BVIOUS THAT MAXIMUM RESPONSE
WiLL BE OBTAINED FROM THE MICROPHONE WHEN
SOUND

WAVES COME FROM SUCH A DIRECTION AS TO STRIKE EITHER OF THE R1BBON'S THIN

EDGES, THEN NO RESPONSEWI]LL
BE OBTAINED. SO IT CAN BE
SEEN THAT THIS MI]CROPHONE
DECREASES [N RESPONSE AS
THE ANGLE OF THE IMPINGING
SOUND WAVE |NCREASES TO
EITHER SIDE OF THE LINE OF
MAX|MUM RESPONSE,

THI3S BEING THE CASE,

IT IS LOGICAL THAT THIS
MICROPHONE CAN BE SO OR-
JENTED IN RESPECT TO EXe
TRANEOUS NOJSES 80 AS NOT

TO RESPOND TO THEM,YET RE=
SPONDING FA|THFULLY TO

THOSE SOUNDS WHICH ARE DE=

SIRED. THIS DIRECTIONAL FEAT

Field coil 6 Yolt
X Batery

i
)
0
o
d
)
£s
[

=" To Main
”Hm; Ampl,

Transformer

3
o
(W<}
3
©
,N
\. Y
L~ I

L
Maguluk
[ R

NS
T Mt

Ribbon —

Insulator

Fig. 18
Operating Principle of the
Ribborn Microphone.
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URE OF THE RIBBON MICROPHONE FOR ELIMINATING PICK—UP OF EXTRANEOUS NOISES
MAKES IT IDEAL FOR USE WHERE ACOUSTICAL IMPERFECTIONS EXI1ST,

THE RIBBON MICROPHONE HAS8 A FREQUENCY RESPONSE COMPARABLE TO THAT
OF THE CONDENSER MJCROPHONE,

THE DYNAMIC M]CROPHONE

A CROSS=~SECTION OF THE DYNAMIC M]CRO-

PHONE 1S ILLUSTRATED FOR You IN F1a.19  Ano
AS YOU WJLL OBSERVE, IT IS ESSENTIALLY  COMs
POSED OF A DiAPHRAGM "D" sUPPORTING A VOICE
coiL "W.C", ‘WHICH IS MADE OF FINE  ALUMINUM
RIBBON WOUND EDGEWISE IN THE FIELD OF A PER~
MANENT MAGNET M. WHEN THE SOUND WAVES IMPINGE
ON THE DIAPHRAGM, THE COIL TO WHICH IT ISRIG=
1OLY ATTACHED VIBRATES WITH A PLUNGER- LIKE
MOTION CUTTING THE LINES OF FORCE AND THUS8 Fia. 19
GEMERAT ING ACROSS TWO TERMINALS A POTENTIAL Cross- Section of the
WHICH IS SUBSTANT IALLY CONSTANT FROM  ABOUT
35 1o 10,000 cycLESs,

Oynamiic Microphore .

THE DIAPHRAGM "O" 18 MADE OF DURALUMIN o001 I" THICK AND HAS A DOME-
SHAPED CENTER PORTION WHICH EXTENDS TO THE INNER EDGE OF THE MOVING COlL.
THIS TYPE OF CONSTRUCT{ON STIFFENS THE CENTER SO THAT THE DIAPHRAGM  HAS
A PLUNGER ACTION THROUGHOUT THE ENTIRE AUDIO-FREQUENCY RANGE.

THE moviING colL V.C. conNsISsTs OF ABOUT 65 TURNS OF ALUMINUM  RIBBON,
LO00!" THicK AND 008" WiDE, WOUND EDGEWISE; THE TURNS ARE [NSULATED WITH
PHENGL VARNISH WHICH SERVES ALSO AS A BINDER FOR HOLDING TOGETHER THE AD-
JACENT TURNS. THE IMPEDANCE RATING OF THE VOICE COIL 1S AEOUT 25 OHMS.

A PRE~AMPLIFIER 1S NOT ALWAYE NEEDED WITH THIS TYPE OF MICROPHONE,
BUT WHEN USED, REQUIRES AN IMPEDANCE MATCHING TRANSFORMER AS 1 LLUSTRATED
IN F1ge 20. IN EFFECT, YOU WILL NOTICE, THIS 1§ JUST LIKE A DYNAMIC SPEAK
ER BEING USED BACKWARDS.

A PERFORATED METAL GRID "G" AND WHICH 1S COVERED WITH S|LK,PROTECTS
THE DIAPHRAGM FROM INJURY. THE GRID AND METAL HOUSING FORM A SHIELD WHICH
MAY BE GROUNDED THROUGH ONE OF THE JACK CONTACTS PROVIDED ON THE REAR OF
THE HOUSING. THE REMAINING JACK TERMINALS ARE
voge-coi. (—===-=——=-==—-— | CONNECTIONS FOR THE EXTERNAL AMPLIF I ER,

! 1€ SIMPLE AND RUGGED IN DESIGNe

D

{‘q Ew% i PRE - AMPLIFIER |

; §J " ¢? T | SOME OF THE MORE IMPORTANT ADVANTAGES
S i I | cLaiMED FOR THE DYNAMIC MICROPHONE ARE:  ITS
: :;31: v ouT- HIGH SENSITIVITY,DOES NOT REQUIRE AN EXITER
; ~ Ve m s S BATTERY, GOOD FREQUENCY CHARACTERISTICS, AND
\

]

i

i

o ooes T THE CRYSTAL MICROPHONE
N L S A A BY

IN ONE OF YOUR EARLIER LESSONS, YOUWERE
gHOWN How THE "PjEZO ELecTRIZAL"Y  CHARACTER-
ISTI1C8 OF ROCHELLE=SALT CRYSTALS COULD BE
USED IN THE CONSTRUCT ION OF LOUDSPEAKERSe
THIS SAME PRINCIPLE 1S ALSO BEING APPLIED TO

FiGg. 20
Circuit of Oynamic
Microphone and Pre-
Amiplifier
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Tc THE CRYSTAL M|CROPHONE,

IN THE UPPER PORTION OF F1G. 2| YOU WILL SEE AN ASSEMBLED CRYSTAL
MICROPHONE, WHEREAS THE SAME UNIT IS SHOWN IN A COMPLETELY DISASSEMBLED
CONDITION DIRECTLY BELOW. IN THIS MICROPHONE, TWO PLATES OF THE CRYSTAL
ARE MOUNTED SANDWICH=LIKE, NEAR THE TERMINAL END OF THE SHELL OR HOUSING
AND ONE EDGE OF THE CRYSTALS |S CEMENTED TO THE SHELL LEAVING THE  OTHER

END FREE TC VIBRATE. THE CRYSTAL IS WEDGE=SHAPED AND THE DRIVE ROD |SATT=
ACHED TO THE FREE END,

THE DIAPHRAGM 1S CONE=SHAPED AND ITS APEX IS RIGIDLY ATTACHED TO THE
ORIVE ROD. CONTRARY TO THE CONVENT IONAL DIAPHRAGMS USED IN  MICROPHONES,
THE TYPE MADE USE OF [N THIS CONSTRUCTION IS
OF IMPREGNATED, SOFT CARDBOARD. IN THIS maN
NER, METALLIC RATTLES ARE DONE AWAY  WITH;
CRITICAL ANNEALING AND STRETCHING IS EN-
TIRELY ELIMINATED; AND THE DIAPHRAGM MAY BE
DISMANTLED FOR INSPECTION WITHOUT ANY FEAR
OF IT NOT FUNCTIONING PROPERLY AFTER IT IS
PUT TOGETHER AGAIN,

GASKET
i

WHEN SOUND WAVES ARE IMPINGED UPON THE
DIAPHRAGM, THE RESULT ING MOVEMENT OF THE DJA=
PHRAGM WILL THROUGH THE DRIVE ROD CAUSE THE
CRYSTAL ASSEMBLY TO VIBRATE CORRESPOND INGLY
AND THEREBY GENERATE CORRESPONDING VOLTAGE
VARIATIONS ACROSS ITS TERMINALS,

THE ADVANTAGE OF THE UNIT I8 THE FACT
THAT ITS HIGH IMPEDANCE PERMITS T TO BE
CONNECTED DIRECTLY INTO THE GRID AND F|LA~
Fia. 21 MENT OF A TUBE WITHOUT USING A TRANSFORMER
AND THE VOLUME CONTROL FOR THE UNIT MAY BE
CONNECTED DIRECTLY ACROSS THE N.HCROPHONE
TeERMINALS, OF COURSE, IF THE LEADS FROM THE
MJCROPHONE TO THE AMPLIFIER ARE TO BE VERY LONG, A TRANSFORMER BETWEEN THE
MICROPHONE AND THE LINE 1S RECOMMENDED. THE FREQUENCY CHARACTERISTIC OF
THE CRYSTAL MICROPHONE 18 EXCELLENT.

TIO
JACK o s TTIP JACK

The Crystal Microphonre

M| SCELLANEOUS PRE-AMPLIF IERS

IN THE PRE=AMPLIFJER WHOSE CIRCUIT IS ILLUSTRATED IN Fig. I5, You
WiLL HAVE NOTICED THAT TyPt 864 TUBES ARE USED. THIS TUBE TYPE |8 ADAPTED
PARTICULARLY TC USE As AN A.F. AMPLIFIER AND ITS OPERAT INGCHARACTER(ISTICS
ARE AS FoLLOWS: FILAMENT voLTAGE=1.!; FILAMENT CURRENT =,25 amp.(D.C );
PLaTE voLTAGE =135 voLTS; GRID B1aS= =9 vOLTS; PLATE CURRENT =3.5 MA,;
AMPLIFICATION FACTOR=8,2,

IN F1ge 22 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A TWO-STAGE PRE-AMP
LIFIER IN WHICH TYPE =30 TUBES ARE USED. A CONDENSER MICROPHONE |8 CONNw
ECTED ACROSS THE INPUT OF THE AMPLIFIER AND [N SERIES WITH THE 4+ (80 voLT

B TERMINAL AND THE TWO SER|ES~CONNECTED RESISTORS OF «25 MEGOHM AND 3
MEGOHM VALUE.

THE PRE~AMPLIFIER IS RESISTANCE=CAPACITY COUPLED THROUGHOUT BUT A
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TRANSFORMER )8 FURNISHED AT THE OUTPUT, 80 THAT THE PRE=AMPLIFJER CAN BE
CONVENIENTLY COUPLED TO THE MAIN AMPLIFIER W]TH PROPER MATCHING OF IMPED-
ANCE,

As WAS STATED PREVIOUSLY IN THIS LESSON, IT 1S PREFERABLE THAT  THE
PRE=AMPLIF|ER BE LOCATED A8 CLOSE AS POSSIBLE TO THE MICROPHONE AND 1T
1S FOR THIE REASON THAT THE MICROPHONE AND PRE=AMPLIFIER ARE GENERALLY COYN
STRUCTED AB A SINGLE UNITe A TRANSMISSION LINE OF 200 oR 500 oHws 1S GEN=-
ERALLY EMPLOYED AS THE CONNECT ING LINK BETWEEN THE PRE~AMPLIFIER AND THE
MAIN AMPLIFIER AND UNDER THESE CONDITIONS, THE PRIMARY WINDING OF T IN
F1g. 22 gHOULD HAVE AN IMPEDANCE RATING OF SUCH A VALUE TO BE SUITABLE AS
THE PLATE CIRCUIT LOAD FOR THE 30 TUBE, WHEREAS 1TS SECONDARY WIND ING
SHOULD HAVE AN JMPEDANCE RATING EQUAL TO THAT OF THE TRANSMISSION LINE B

ING USED.
y
ouT-
PUT
k%:)

THE TRANSMISSION LINE IS CONMECTED TO
THE MAIN AMPLIFJER THROUGH ANOTHER  TRANS=-
FORMER, WHOSE PRIMARY W|NDING HAS AN |MPED-
ANCE RATING EQUAL TO THAT OF THE TRANS=
MIBSION LINE, WHILE THE IMPEDANCE RATING OF
ITS SECONDARY IS EQUAL TO THAT OF THE FIRST
GRID CIRCUIT OF THE MAIN AMPLIFIER INTO
WHICH THE TRANSMISSION LINE 18 TO FEED. WE
SHALL CONS|DER IMPEDANCE MATCHING SYSTEMS IN FlG, 22
GREATER DETAIL LATER IN THE COURSE. Two Stage
Pre- Amplifrer

"B+ 180V ‘B-UA-T BV A+

THE FILAMENTS OF THE 30 Tuses IN FiG,
22, YOU WILL NOTICE, ARE CONNECTED IN SERIES AND ADEQUATE RESISTANCE 18
INCLUDED 80 THAT THE 6 voLT "A" gupPPLY WILL BE- REDUCED TO THE PROPER AMOUNT
FOR THE TUBES. THE B= TERMINAL OF THIS PRE=AMPLIFIER 1S TO BE GROUNDED
TO THE METAL HOUSING IN WHICH THE UNIT IS CONTAINED.

IN THE NEXT LESSON,YOU WILL BE SHOWN A NUMBER OF DIFFERENT A.F.amp-
LIFIER CIRCUITS, THE METHODS OF COUPLING MJCROPHONES TO THE AMPLIFIER AND
A DETAILED EXPLANAT|{ON OF HOW THE S|GNALS PASS THROUGH THE ENTIRE SYSTEM
FROM THE MICROPHONE TO SPEAKER.
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49 Examination Questions

LESSON NO. AS=-]

"Setbacks never whip a fighter, they
only sharpen his faculties,stiffen his
backbone and toughen his muscles, And
the more he fights the better he be-
comes, So pick out your goal, roll wp
your sleeves and pitch into thebattle

MAKE A SIMPLE ORAWING OF A SINGLE=-BUTTON CARBON M|CRO=
PHONE, SHOWING HOW T 18 CONNECTED IN THE CIRCUIT AND
EXPLAIN HOW IT OPERATES.

How DOES THE DOUBLE=BUTTON CARBON MICROPHONE Dt FFER FROM
THE S INGLE~BUTTON CARBON M{CROPHONE AND WHAT ADVANTAGES
DOES IT OFFER OVER THE SINGLE=BUTTON M]CROPHONE?

DesCRIBE A CONDENSER M| CROPHONE.

WHY MUST A PRE=AMPLIFIER BE USED IN CONJUNCTION WITH A
CONDENSER M| CROPHONE?

|LLUSTRATE BY MEANS OF A DRAWING HOW A CONDENSER M]CRO=
PHONE MAY BE CONNECTED TO A PRE=AMPLIFIER AND EXPLAIN
HOW THE SYSTEM OPERATES.

DESCRIBE THE RIBBON MICROPHONE AND EXPLAIN HOW T OPER-
ATESe.

WHAT ARE SOME OF THE MOST IMPORTANT FEATURES OFFERED BY
THE RIBBON MICROPHONE AS REGARDS TO PERFORMANCE?

DESCRIBE THE DYNAMIC M{CROPHONE,
DESCRIBE THE CR¥STAL M]CROPHONE,

WHAT ARE SOME OF THE MOST DESIRABLE FEATURES OF CRYSTAL
micropPHONES?T '

NOTICE:=~ Be SURE TO NUMBER ALL OF YOUR EXAMINATION
PAPERS FOR THE ADVANCED LESSON GROUPS TO CORRESPOND
WiTH THE LESSON NUMBER APPEARING AT THE TOP OF THE
EXAM INAT ION PAGE IN EACH OF THESE LESSONS. FOR EX=
AMPLE, THE NUMBER OF THIS LESSON 18 AS=l, THIs 18 1M
PORTANT,

Printed in U. 8, A.
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LESSON NO. 2

TYPICAL AUDIO AMPLIFIER.S

INSTEAD OF PLUNGING DIRECTLY INTO THE DESIGN WORK AND CALCULATIONS
INVOLVED IN A.F. AMPLIFIERS, YOU ARE FIRST GOING TO BE SHOWN IN THIS LES=
SON SOME SAMPLE AMPLIFIER SET=UPS, AND ALSC SOME POPULAR CIRCUITS AS USED

IN THESE SYSTEMS. IN THES WAY, YCU WILL HAVE A BETTER PRACTICAL UNDER=
ETAND ING OF THESE UNITS, AS WELL AS A CLEAR CONCEPT jON OF HOW THE MJCRO=

PHONES ABOUT WHICH YOU STUDIED IN THE PREVICUS LESSON ARE CONNECTED TO

THEM,

NoT oMLY Wil YOU FIND INFORMATION OF THIS TYPEZ TO OFFER YOU VALU=
ABLE SUGGESTIONS, SO THAT YOU CAN BUILD AMPLIFIERS ACCORDING TO THE SPECe
IFICATIONS MEREIN GIVEN, BUT IT WiLL IN ADDITION GIVE YOU A BROADER VIS=-
JON OF THE SUBJECT 80 THAT THE DE=-
SIGN CALCULAT|ONG AS PRESENTED IN
LATER LESSONS WILL MEAN MORE TO YOU,.

Speakers:§;~————s\‘

You WiLL FIND THE UNITS AS DE=
SCRIBED N THI5 LESSON TO BE ESPEC-
JALLY S8U|ITABLE FOR PUBLIC ADDRESS
WORK, SO THAT YOU CAN IMMED | ATELY
PUT THI3S KNOWLEDGE TO WORK FOR YOU
I8 THIS PARTICULAR FIELD OF RaD10,

CLASSIFICATION OF AMPLIFIERS

A.F. AMPLIFIERS, AS COMMONLY
USED, ARE CLASSIFIED INTO TWO GEN=~
ERAL GROUPS,NAMELY As CLass A - anD
CLass B AMPLIFIERS,

A WCLASS A" amMpLIFIER (53 AN — $ T~
AMPLIFIER IN WHICH THME GRID B1asAND [Control Box} Microphone Cable
THE EXITING GRID VOLTAGE ARE  SUCH F16.1
THAT THE PLATE CURRENT THROUGH THE Units Comprising & P. A.
TUBE FLOWS AT ALL TIMES. THE IDEAL Amplifying Systerm,

Crass "A"™ AMPLIFIER 1S ONE IN WHCH
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THE ALTERNATING COMPONENT OF THE PLATE CURRENT I8 AN EXACT REPRODUCTIONOF
THE WAVE FORM OF THE ALTERNATING GRID VOLTAGE AND THE PLATE CURRENT FLOWS

DURING 380 ELECTRICAL DEGREES OF THE CYCLE. THE CHARACTERISTICS OF A
CLASS A AMPLIFJER ARE LOW EFFICIENCY AND OUTPUT, TOGETHER WITH LOW DS~
TORTION. THIS TYPE 18 GENERALLY EMPLOYED WHERE FIDELITY OR QUALITY OoF

REPRODUCTION 1S MORE DESIRABLE THAN POWERe

A BCLASS B" AMPLIFIER 1S AN AMPLIFIER IN WHICH THE GRID BJAS Is
APPROX{MATELY EQUAL TO THE CUT=OFF VALUE S0 THAT THE PLATE CURRENT |8APPw=
ROX IMATELY ZERO WHEN NO EXITING GRID VOLTAGE 13 APPLJED AND 80 THAT  THE
PLATE CURRENT IN EACH TUBE FLOWS DURING APPROXIMATELY ONE=MHALF OF EACHCY=
CLE WHEN AN EXITING GRID VOLTAGE 15 PRESENT. THE 1DEAL CLass B AMPLIFIER
1S ONE §N WHICH THE ALTERNATING COMPONENT OF PLATE CURRENT 18 AN EXACT
REPLJCA OF THE ALTERNATING GRID VOLTAGE FOR THE HALF CYCLE WHEN THE GRID
1S POSITIVE WITH RESPECT TO THE BIAS VOLTAGE AND THE PLATE CURRENT FLOWS
DURING |80!§LECTRICAL DEGREES OF THE CYCLE. THE CHARACTERISTICS OF A
CLasS 8 AMPLIFIER ARE MEDIUM EFFICIENCY AND OUTPUT BUT WITH SOMEWHAT MORE
DISTORTION THAN 15 OBTAINED WITH CLASS A aMPLIFIERS, CLass B AMPLIFIERS
ARE GENERALLY EMPLOYED WHEN HIGH
POWER OUYPUTS ARE DESIRED AND
WHEN SOME QUALITY OF REPRODUCT|ON
CAN BE SACRIF1CED.

Phenograph Microphone, Speaker ¢ Baffle
Turntable and Y

Amplifier.

MODIFICATIONS OF THESE TWwO
CLASSES ARE ALSO EMPLOYED AND
THESE W{LL BE BROUGHT TO YOUR‘ATI
ENTION IN LATER LESSONS WHERE WE
TREAT AMPLIFJERS MORE TECHNI|CALLY
THEN IN THE PRESENT LESSONe

Fig., 2

IN DESCRIBING THE VARJOUS
Portable Public Address Systesm.
2y (At A4 Js SAMPLE AMPLIFIERS, IT 18  LOGICAL

TO COMMENCE WITH THE SMALLER AMP=
LIFIERS OF RELAT|IVELY LOW POWER OUTPUT AND THEN GRADUALLY ADVANCE THROUGH
THE MORE ELABORATE DES)GNS OF HIGH OUTPUT POWER RATING. SMALL AMPLIFIERS
ARE GENERALLY ASSOCJATED WITH PORTABLE EQUIPMENT,80 LET US CONSIDER ONEOF
THESE UN[ITS FIRBT,.

A PORTABLE PUBLIC ADDRESS SYSTEM

IN F1Ge 2 YOU ARE SHOWN THE VARIOUS UNITS WHICH ARE USED  TOGETHER
TO FORM A TYPICAL PORTABLE PUBLIC ADDRESS SYSTEM WHICH I8 TO BE OPERATED
FroM A |10 voLT A.C., POWER SUPPLY. IN THIS PARTICULAR EXAMPLE, THE CARRYING
CASE OPENS AND DIVIDES INTO TWO PARTS —= ONE CONTAINING THE SPEAKER AND
SERVING AS TS BAFFLE, WHILE THE OTHER CONTAJNS8 THE PHONOGRAPH EQUIPMENT
AND THE AMPLIFIERe THE MICROPHONE 1S OF THE DOUBLE=SUTTON CARBON TYPE AND
MOUNTED IN A SUITABLE S8TAND. CABLES OF BUFFICIENT LENGTH ARE SUPPLIED 80
THAT THE VARIOUS UNITS CAN BE INTERCONNECTED PROPERLY ALTHOUGH CONSIDER-
ABLY SEPARATED FROM EACHOTHER AND SO THAT THE AMPLIFIER CAN BE CONNECTED
TO THE POWER SUPPLY,

IN SOME INSTANCES, EVEN TWO SPEAKERS ARE USED == EACH BEING MOUNTED
IN ONE=HALF OF THE CARRYING CASE SO THAT THE TWO SPEAKERS CAN BE  PLACED
INDEPENDENTLY AT THE MOST DESIRED LOCATIONS. PORTABLE EQUIPMENT OF  THIS
TYPE 18 ILLUSTRATED IN Fig. 3.
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So MUCH FOR THE GENERAL DESCRIPTION OF A TYPICAL PORTABLE AMPL|FY=
ING SYSTEM AND NOW LET US LOOK AT THE CIRCUIT DIAGRAM OF BUCH A UNIT.

IN F1Ge 4 YOU ARE SHOWN THE CIRCUIT DIAGRAM OF A THREE-=TUBE AMPL[-
FIER WHICH IS SUITABLE FOR PORTABLE USE WHERE AN A.C. POWER BUPPLY 8 A=
VAILABLE. THE TUBES USED IN THIS CASE ARE A TYPE 57 IN THE INPUT STAGE
AND A 59 OPERATED AS A POWER PENTODE IN THE OUTPUT STAGE, WHILE AN BOSER-
VE8 AS THE RECTIFIER IN THE POWER PACKe.

THE PARTICULAR CIRCUIT AS HERE ILLUSTRATED 18 DESIGNED TO HANDLETWO
DYNAM]C SPEAKERS, WHOSE FIELD COILS ARE ENERGIZED BY THE "B CURRENT WHiCH
IS S8UPPLIED, TO THE AMPLIFIER BY THE POWER PACK. THE TWO FIELD COILS, YOU
WILL OBSERVE, ARE CONNECTED IN SERIES, EACH HAVING A D.C. RESISTANCE RAT=
ING OF 1250 onms. THE £5,000 oHM RESISTOR WHICH IS CONNECTED BETWEEN HIGH
B4 AND THE METAL CHABS IS OR B= SBERVES A8 A BLEEDER RESISTOR FOR THE 8YS-
TB‘.

UPON TURNING YOUR ATTENTION TO THE INPUT END OF THIS AMPLIFJER, YOU
WiLL SEE THAT A DOUBLE=BUTTON CARBON M]CROPHONE, ENERGIZED BY TWO S8ERIES
CONNECTED ‘6 DRY CELLS, 18 CONNECTED TO THE PRIMARY WINDING OF THE (INPUT

Speaker protective Curtain

Speakers & Baffle ~

Amplifier

Assembled for
Transportakion

croghone

Cable

Fla. 3 o
Portable P A, Systerm M//L% Tewo .SPeaéer‘S

OR M{CROPHONE TRANSFORMERe A SWITCH {N THE CENTER=LEG OF THE M CROPHONE
CIRCUIT OFFERS A MEANS WHEREBY THE MICROPHONE CIRCUIT CAN BE INTERRUPTED
WHEN NOT IN USE.

THE IMPEDANGE OF THE MICROPHONE TRANSFORMER'S PRIMARY WINDING IS MA=~
TCHED TO THE RESISTANCE RATING OF THE MICROPHONE, WHILE 1T8 SECONDARYWIND
ING IS MATCHED TO THE GRID CIRCUIT OF THE 57 TUBE INTO WHICH IT FEEDSe A
+5 MEGOHM POTENTIOMETER I8 CONNECTED ACROSS THE SECONDARY WINDING OF THIS
TRANSFORMER TO SERVE AS A VOLUME CONTROL AND 18 INTERCONMECTED WiTH  THE
MICROPHONE CIRCUIT SWITCH SO THAT THE MICROPHONE CIRCUIT WILL BE INTERR=
UPTED AUTOMATICALLY WHEN THE VOLUME CONTROL IS AT 1TS POSITION OF MINIMUM
VOLUME:. THE.5 MEGOHM FIXED RESISTOR WHICH I8 CONNECTED BETWEEN THE CON=
TROL GRID OF THE 57 TUBE AND QROUND SERVES A8 A FIXED LEAK FOR THE  QRID
OF THIS TUBE.

THE 57 TUBE 1S COUPLED TO THE 59 THROUGH RESISTANCE=CAPACITY COUP=
LING AND THE 10,000 OHM RESISTOR IN THE PLATE CIRCUIT OF THE 57 TUBE, TO=
GEHTER WITH THE o5 MFD., CONDENSER,18 USED AS A FILTER TO PREVENT MOTOR=
BOATING. THE 59 1S USED IN THE CONVENTJONAL PENTODE MANNER AND THE PRI=
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MARY WINDINGS OF THE TWO OUTPUT TR;NSF'ORMERS ARE CONNECTED IN PARALLEL IN
THE PLATE CIRCUIT OF THIS POWER TUBE. Now LET US FOLLOW THE SIGNALTHROUGH
FROM THE MICROPHONE TO THE SPEAKERS.

"A8 THE SOUND WAVES ACT UPON THE MICROPHONE, THE MICROPHONE CURRENT
wWiLL VARY ACCORD~

s INGLY AS YOU AL~
9 TQaNSE READY LEARNED IN
15 Ss— YOUR PREVOUS LEZ
SON AND VOLTAGE
CHANGES OF CORR-
ESPONDING  FRE= -
QUENCY WjLL THRU
INOUCTION APPEAR
ACROSS THESECOND
ARY WINDING OF
THE M| CROPHONE
TRANSFORMER, AS

{MIcROPHONE
TRANg

)

12500 g
, cot

o, [

|
r v,
F‘

L
—J-

/
*o AMe P00 26,000- 0 CHASSS Al

> WELL AS ACROSS

N Fila. 4 THE ENDS OF THE

Circuit Dragram of a Portable Amplifier VOLUME CONTROL PQ

‘ TENT|OMETER, THE

SETTING OF THE

POTENT JOMETER ARM DETERMINES WHAT PERCENTAGE OF THE AVAILABLE SIGNAL VOL=
TAGE §S TD BE APPLIED ACROSS THE CONTROL GRID CIRCUIT OF THE 57 TuBE.

THE 57 TusE OPERATES As aN A.F, AMPLIFIER, S0 THAT THE PLATE CURRENT
VARJIATIONS WiLL PRODUCE VOLTAGE CHANGES OF BIGNAL FREQUENCY ACROSS THE
LOAD RESISTOR AND WHICH ARE APPLIED TO THE GRID CIRCUIT OF THE 59 THROUGH
THE 402 MFD. COUPLING CONDENSER. THESE SIGNAL VOLTAGE CHANGES UPON BEING
APPLIED TO THE GRID OF THE 59 TUBE, PRODUCE VARIATIONS IN THE PLATE CURR=
ENT OF THIS SAUME TUBE AND WHICH ARE ALSO OF THE SIGNAL FREQUENCY AND THUS
CORRESPOND ING VOLTAGE CHANGES ARE INDUCED INTO THE VOICE COIL CIRCUIT OF
B80TH SPEAKERS 80 THAT THE ORIGINAL SOUNDS WHICH ARE PRODUCED IN FRONT OF
THE MICROPHONE ARE FA1THFULLY REPRODUCED BY THE SPEAKERS.

THME AMPLIFIER, WHOSE CIRCUIT DjA= Filter

GRAM APPEARS IN F1G, 4, WILL DELIVER °°"“"""SZ\2A5 Rezellle st
A MAX)MUM POWER OUTPUT OF APPROXIMATELY /

3 To 33 WATTS. ALTHOUGH THE  PORTABLE
AMPLI FIER JUST DESCRIBED OFFERS ONLY A
RELATIVELY SMALL POWER OUTPUT, YET THERE
ARE PORTABLE AMPLIFIERS IN USE WHOSE
POWER OUTPUT 1S QUITE HIGH,

A 10 WATT AMPLIFIER

Ity FiGge 5 YOU ARE SHOWN THE CON-
STRUCTIONAL ARRANGEMENT FOR AN AMPL (=
FIER WHISH 18 RATED AT 6 WATTS BUT N
ACTUAL OPERATION WiLl. PROVIDE AN  UN- ;
DISTORTED POWER OUTPUT OF |0 WATTSWITY \Tone Control
ouT "FORCING" AND A MAXIMUM ORPEAK OUT
PUT OF ABouT |4 watTs. THe TusBes useD FlG. 5
ARE A 57 IN THE INPUT STAGE, A 56 IN A 10 Watt Amplifier:

Gain
Control
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THE INTERMEDIATE STAGE AND FOLLOWED BY A POWER STAGE EMPLOYING Two 2A5's
IN PUSH=PULL. AN 83 TUBE 1S USED AS THE RECTIFIER,.

THE CIRCUIT DIAGRAM OF THIS SAME AMPLIFIER APPEARS IN F1G.6 AND A8
YOU WILL OBSERVE, THE 57 TUBE I8 BEING USED AS A PENTODE AMPLIFIER SIMIL~
ARILY AS IN THE PORTABLE AMPLIFJER WHOSE CIRCUIT DIAGRAM APPEARS IN Fi1G.4
OF TH1S LESSON. A 5 MEGOHM POTENTIOMETER SERVES AS A GRID LEAK FOR  THE
57 TuBE, AS WELL AS ACTING AS THE VOLUME OR MGAIN CONTROL", AS IT 18 FRE=
QUENTLY CALLED. THE SECONDARY WINDING OF THE MJCROPHONE TRANSFORMER { NOT
SHOWN HERE) IS CONNECTED ACROSS THE INPUT TERMINALS.

THE 57 TUBE 15 RES|STANCE=CAPACITY COUPLED TO THE 56 AND THIS LATTER
TUBE 1S COUPLED TO THE POWER STAGE THROUGH AN INPUT PUSH=PULL TRANSFORMER.
TWO SECONDARY WINDINGS ARE PROVIDED ON THE OUTPUT TRANSFORMER OF THIS AMP
LIFIER == ONE OF THEM HAVING AN IMPEDANCE RATING OF |5 oHM8 FOR  SPEAKER
VO ICE COIL CONNECT {ONs THE
500 ¢HM SECONDARY WIND=
ING 1S PROVIDED WHEN 1T
IS DESIRED TO COUPLE THE
OUTPUT OF THE AMPLIFIERTO
A TRANSMISSION LINE AND
WHICH WJLL BE MORE FULLY
EXPLAINED IN LATER LESSONS,

YW

35v.

\. 2,000
OWMmS

THE TONE CONTROL CON
818Ts OF A 4004 MFD. CON-
DENSER IN SERIES WITH A
o5 MEQOHM POTENT IOMETER UG
ED AS A RHEOSTAT AND CONN=
ECTED ACROSS THE CONTROL
GRID CIRCUIT OF THE 2A5
TUBES.

Clv [-MF, - 400V
€2 1OMF . V.
€3: 2 MF. - 160V
C4: 2 MF - 400V
C8s 2 MF - 400V,

eafe oflead oo~ - J
o ‘,;‘, BROWN

Due To. THE HIGHGAIN

Fla. & OF THIS AMPLIFIER AND
Circuit Diagram of the SINCE A PHONOGRAPH 1']CK=
10 Walt Amplifier UP DELIVERS A GREATERS|G=

NAL VOLTAGE THEN OOES THE
AVERAGE M[CROPHONE, PROVIS|ONS ARE MADE FOR PLUGGING A PHONOGRAPH P JCK=-
UP ACROSS THE 5 MEGOHM LEAK RESISTOR IN THE GRID CIRCUIT OF THE 56 TUBE,
THEREBY ENTIRELY ELIMINATING THE 57 INPUT STAGE WHEN REPRODUCING  PHONO=
GRAPH RECORDINGSe THE VOLUME CONTROL FOR PHONOGRAPH REPRCDUCTION WILL 1IN
THJS CASE HAVE TO BE MOUNTED AS A UNIT ON THE PHONOGRAPH PICK=UP AND AN
IMPEDANCE MATCHING TRANSFORMER BEING PROVIDED WHOSE PRIMARY WINDING HASB
AN IMPEDANCE RATING EQUAL TO THAT OF THE PICK=UP AND ITS8 VOLUME CONTROL,
AND A SECONDARY WINDING WHOSE IMPEDANCE RATING MATCHES THE 5 MEGORM LEAK
RESISTOR OF THE 56 TUBE AND ACROSS WHICH IT IS TO BE CONNECTED.

A TYPE 83 TUBE 18 USED AS THE RECTIFIER IN THE POWER PACK AND INALL
OTHER RESPECTS THE AMPLIFIER FOLLOWS CONVENTIONAL CIRCUITS AND WITH WHICH
YOU ARE BY NOW ALREADY FAMILIAR,

THE TWO FILTER CHOKES ARE EACH OF THE 30 HEMRY TYPE AND THE SPEAK=
ERS A8 USED WITH THIS AMPLIFIER MUST BE OF THE A.C. TYPE IN WHICH THE

FIELD8 ARE ENERGIZED BY AN ([INDIVIDUAL POWER SUPPLY AT THE SPEAKER.
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As_REGARDS THE POWER OUTPUT OF A,F, AMPLIFJERS, THE FACT SHOULD BE
CONSIDERED THAT THE POWER OUTPUT RATINGS FOR THE PARTICULAR.POWER  TUBES
B8EING USED ARE GENERALLY QUITE CONSERVATIVE AND THAT IT |S GENERALLYPOSSe
IBLE BY JNCREASING THE PLATE VOLTAGE SLIGHTLY TO OBTAIN AN UND I STORT ED POW
ER OUTPUT OF APPROXIMATELY 20% GREATER THAN THAT FOR WHICH THE POWER TUBE
IN QUESTION I8 RATED BY THE TUBE MANUFACTURER.

A CLASS "AM.|5 WATT AMPLIFIER

IN Fice 7 vou ARE sHOWN THE cirCUT DIAGRAM OF A ctass "A¥ ampLIF(ER,
WHOSE OUTPUT POWER 1S RATED AT |5 WATTS. THIS CIRCUIT CONSISTE OF THREE
'PUBH=PULL STAGES AND WHICH RESULTS IN A UNIT OF EXCELLENT TONE QUALITY, IN
THAT THE PUSH=PULL ARRANGEMENT BALANCES OUT ALL EVEN HARMONJC D ISTORTION
IN THE OUTPUT OF EACH STAGE.

Noylce HOW TWO 57's, OPERATING AS A PUSH=PULL 8TAQE, ARE  PROVIDED

AT THE INPUT,.

56 a3 A PusH=PULL
TYPE wA.F,
CHOKE 18 (N-

-
2 CLUDED IN THE
5'
o]

n

L3

INPUT
5

PLATE CIRCUIT

OF THIS STAGE
! AND THE 881G~

F .

w»

-

5 e

AT
WA
=

57 B 56 '
Ll -L—{ < e NAL VOLTAGES
$ :E:E:L J:?E L Eilker A8  PRODUCED
< < < <
"a.F‘-F“‘n."a.-l.c‘ o T 3w , o """“? ACROSE  ITS
. ) OH

EXTREMET JES

ARE  APPLIED
TO THE GRJDS
OF THE Two 56
TUBES THROUGH
THE COUPLING
CONDENSERS C.
THE TWO RES 8=
TORs Rg ACT AS

F 8

“—
—u—!z

L HOV-ACE GRJD LEAKS FOR

_ THe 56 TUBES,

_ Fr1a. 7 AND WHAT WE
A Class A" — 15 Watt Amplifier; REALLY HAVE

HERE 15 IMPED-
ANCE COUPLING ABOUT WMICH YOU ALREADY STUDIED IN ONE OF YOUR FIRST LESSONS
TREATING WITH AUDIO FREQUENCY AMPLICATION, ONLY THAT IN ADDITION, THE PUSH
=PULL PRINCIPLE IS EMPLOYED.,

THE PUSH=PULL STAGE WITH THE 56 TUBES 18 COUPLED TO THE PUSH=PULL POY
ER BTAGE EMPLOYING THE TYPE 2A3 TUBES. THE COUPLING TRANSFORMER USED IN
THIS CASE I8 SPECIALLY DESIGNED FOR THYg PURPOSE, BOTH OF (TS W INDINGS
OFFERING A PUSH=PULL CIRCUIT, '

Two SECONDARY WINDINGS ARE FURN |SHED ON THE OUTPUT TRANSFORMER AND
EACH OF THEBE I8 TAPPED 80 THAT A LARGE VARIETY OF OUTPUT [MPEDANCES ARE
AVAILABLE IN ORDER TO PERMIT PRACT)CALLY EVERY TYFE OF LOAD TO BE MATCHED.
THie PERMITS GROUPING OF MULTIPLE SPEAKERS IN ALL TYPES OF ARRANGEMENTS,
A8 WELL A8 PROVIDING FASCILITIES FOR CONNECT ING THE AMPLIFIER TO TRANG=
MISSION LINES OF VARIOUS DESIGNS. ALL OF THESE DETAILS WILL BE EXPLAINED
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FULLY IN LATER LESSONS.

Two SETS OF PRIMARY WINDINGS ARE PLACED ON THE INPUT TRANSFORMER OF
THE AMPLIFIER 80 THAT ANY TYPE OF MICROPHONE CIRCUIT, PRE=AMPLIFIER,RADIO
TUNER W{TH DETECTOR, OR PHONOGRAPH P |CK=UP CAN BE PROPERLY MATCHED TO THE
AMPLIFIER.

THE POWER PACK OF THIS AMPLIFLER. I8 UNIQUE N DESIGN AND THEREFORE
WARRANTS A MORE DETAILED EXPLANATION. THE B5Z3, FOR INSTANCE, SBERVES AS
THE RECTIFIER FOR THE ENTIRE AMPLIFIER,WHEREAS THE BOLE PURPOSE OF THE 82
TUBE 18 TO FURNISH A FIXED BIAS VOLTAGE FOR THE Two 2A3 TUBES.

By LOOKING AT THE CIRCUIT OF THE 82 TUBE MORE CLOSELY,YOU WiLL OB=
SERVE THAT THE

CENTERTAP OF T8
FILAMENT WINDING
18 CONNECTED TO
ONE OF THEPLATES
of THE 5Z3. THE
TWO PLATES OF THE
82 TUBE ARE TO=
GETHER CONNECTED
M A S TO GROUND OR B-

4000 A THROUGH A RES |8~
v § g TANGE NETWORK AND

[

AAAAAAARAA

-

T

-]
I (.4
o

-]

-]
3
>
3
3
>
3
>
>
>
3

P SPECIAL FILTER
CIRCUIT. THe
CENTER TAP OF THE
| 5Z23's HIGH VOL=
- S ¢ (3 TAGE WINDING 18

m ALSO CONNECTED TO
= ) GROUND. :
| ' @:‘.{‘::m ) Now THen,
B

. WHENEVER THE LEFT
END OF THE POWER
Fida. 8 TRANSFORMER'S
. - - ’ HIGH VOLTAGEWIN
Cireuit Diagram of the 25 Watt U IND

ING 18 POSITIVE,
A POSITIVE POT=-
ENTIAL WILL ALSO
BE APPLIED TO THE FILAMENT OF THE 82. SINCE AT THIS SAME INSTANT THE
PLATES OF THE 82 ARE NEGATIVE W|TH RESPECT TO THE FILAMENT DUE TO  THEIR
COMMON CONNECTION TO GROUND, NO CURRENT WiLL FLOW THROUGH THE 82 TuBE.How
EVER, WHENEVER THE LEFT END OF THE POWER TRANSFORMER'S HIGH VOLTAGE WIND-
ING BECOMES NEGATIVE, THE FILAMENT OF THE 82 TUBE WILL BECOME NEGATIVE
WITH RESPECT TO GROUND, AS WELL AS WITH RESPECT 7O THE PLATES OF THE
82 TUBE,OR TO PUT IT ANOTHER WAY, THE PLATES OF THE 82 wiLL NOwW BE POS|-
TIVE WITH RESPECT TO THE FILAMENT OF THIS SAME TUBE., UNDER THESE  CONDI=
TIONS, CURRENT WiLL FLOW FROM GROUND, THROUGH THE 82 TUBE AND BACK TO THE
HIGH VOLTAGE WINDING, IN OTHER WORDS, THE 82 TUBE FUNCTIONS AS A HALF=
WAVE RECTIFIER AND PASSES CURRENT THROUGH REEISTOR R~ ONLY FROM THE LEFT
TOWARDS THE RIGHTs, THE GRID RETURN CIRCUIT OF THE POWER STAGE BEING CONN-
ECTED TO THE NEGATIVE END OF Ry WHILE THE CENTEROF THE FILAMENT  WIMDING
FOR THESE SAME TUBES 1S GROUNDED, THE RESULTING VOLT DROP ACROSS R7 WiLL BE

Class "B Amplifier.
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APPLIED AS A BIAS VOLTAGE TO THE POWER STAGE,

THE CHOKE AND CONDENSERS C4 SERVE A6 A FILTER FOR THE CURRENT REC=
TIFIED BY THE 82 TUBE 80 THAT THE BIAS VOLTAGE WILL BE FREE FROM RIPPLE.
THE RES}ETOR Re ACTS8 AS A CURRENT LIMITING RESISTOR FOR THIS CIRCUIT,.

THE VALUES FOR THE DIFFERENT PARTS AS USED IN THE CIRCUIT OF Filae 7
ARE AS FOLLOWS?

Ry = 15000~ | WaTT ResisToOR

R, = 250,000~ | WATT rEsisTOR

Ry = 20,0001 = 2 WATT RESISTOR

Ry = 1,300 = | WATT RESISTOR

Ry = 5,000 & = 2 WATT RESISTOR

Ry = 100,0000.« | WATT REsISTOR

Ry = 15,000 L = 2 WATT RESISTOR

Rg = 70,000 2 « 2 WaTT RESISTOR

C, = ol MFO. 400 VOLT PAPER CONDENSER.

C; = | MFD. 1000 VOLT ELECTROLYTIC CONDENSER
(2-2wrp. ELECTROLYTICS OF 500 VoLTS IN SERIES).

Cy = 2 mFD. 50 VOLT ELECTROLYTIC CONDENSER

C4 = 10 mFp. 200 VOLT ELECTROLYTIC CONDENSER

A 25-WATT CLASS "B® AMPLIFIER

A CIRCUIT DIAGRAM OF AN AMPLIFIER, WHICH I8 CAPABLE OF FURNIJISHING
25 WATTS OF AUDIO POWER, 18 ILLUSTRATED FOR YoU IN Fig. 8. THis CIRCUIT
18 OF THE ctass "BY Tvpe AND EMPLOYS A TYPE 57 TUBE AS A PENTODE IN  THE
INPUT S8TAQE, THE 57 18 RESISTANCE=CAPACITY COUPLED TO A 59 TUBE WHICH 18
USED A8 A DRIVER WORKING. INTO A PAIR OF 59'S OPERATING AS A CLASS "B powe
ER STAGE. AN 83 |8 USED AS THE RECTIFIER IN THE POWER PACK.

TWo SETS OF PRIMARY WINDINGS ARE SUPPLY ON THE JNPUT TRANSFORMER 80
THAT ANY TYPE OF MICROPHONE, RADIO TUNER, OR PHONOGRAPH PJCK=UP CAN BEPRQ
PERLY MATCHED TO THE INPUT CIRCUIT, THE OUTPUT TRANSFORMER I8 ALSO PROV|D=
ED WITH A LARGE ASSORTMENT OF SECONDARY [NPEDANCES 80 A8 TO ACCOMMOOATE
A LARGE VARJETY OF SPEAKER VOICE COIL CONNECTIONS, A8 WELL AS ATRANSM|88=
ION LINE,

RACK AND PANEL AMPLIF|ER CONSTRUCT ION

ALTHOUGH THERE 1S NO FIXED RULE REGARDING THE GENERAL FORM OR SHAPE
INTO WHICH AMPLIFIERS ARE BUILT, YET YOU WilLL COMMONLY FIND IT TO BE THE
CASE THAT AMPLIFJERS HAVING A POWER OUTPUT RATING OF 20 WATTS OR LESS ARE
USUALLY BUILT ON A METAL CHASS|S BASE AS SHOWN IN Fia. 5, 80 THAT THEUNIT
RESEMBLES A CONVENTJONAL RADIO RECE|VER,

AMPLIFIERS OF OUTPUT RATINGS GREATER THAN 20 WATTS, FREQUENTLY THOUGH
BY NO MEANS ALWAYB, ARE BUILT N THE RACK AND PANEL FORM BUCH AS 1 LLUS=
- TRATED N Fia. 9.

INn THIS CASE, THE FRAME WORK |8 MADE OF ANGLE JRON. THE DI FFERENT
SECTIONS SUCH AS THE POWER PACK, AMPLIFJER, TUNER, ETC. ARE THEN MOUNTED
ON SHELVES A8 INDIVIDUAL UNITS, ONE ABOVE THE OTHER A8 SHOWN |N Fice 9.
THE ARRANGEMENT IS GENERALLY SUCH THAT ANY ONE OF THE UNITS CAN BE REMOVED
INDEPENOENTLY WiTHOUT DISTURBING THE OTHERS WHENEVER REPAIRS ARE NECESS-
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ARYa
AN AMPLIFIER FOR D.C. POWER SUPPLY

S0 FAR, ALL OF THE AMPLIFIERS WHICH
WERE DESCRIBED TO YOU [N THIS LESSON ARE DE
SIGNED TO BE OPERATED FRom A |10 voLT A.C.
POWER sUPPLY. IN FiG. |0, HOWEVER,YOU ARE
SHOWN THE CIRCUIT DIAGRAM OF A 6 WATT CLASS
"AR AMPLIFIER WHICH IS TO BE OPERATED FROM
A 110 voLT D.C. LiINE.

IN THIS CIRCUIT, A TYPE T7 TuBE I8
USED IN THE INPUT CIRCUIT AND IT WORKS INTO
THE BECOND STAGE THROUGH RES|STANCE=CAPACITY
COUPLING AND THIS IS FOLLOWED 8Y A POWER
STAGE CONTAINING TWO TYPE 48 TUBES CONNECTED
IN PUSH=PULL. BY USING A 225 VOLT  BATTERY
TO FURNISH THE BIAS VOLTAGE FOR THE  POWER
TUBES, THE POWER WH|CH WOULD ORDINARILY BE
EXPENDED TO PRODUCE A BIAS VOLTAGE BY FLOW=
ING THROUGH A BJAS RESISTOR CAN BE USED TO

Fig. 9
Rack and Panel Amplifier.

BETTER ADVANTAGE BY MAKING A HIGH PLATE VOLTAGE POSSIELE AND WHICH IN TURN

WiLL BRING ABOUT A GREATER POWER OUTPUT,

THE INPUT TRANSFORMER FOR THIS AMPLIFIER IS SUPPLIED WITH PRIMARY
WINDINGS OF THE PROPER DESIGN TO ACCOMMODATE A PHONOGRAPH PlCK=UP CONNEC=

TION, AS WELL AS FOR A DOUBLE=BUTTON CARBON M]CROPHONE,.

PROVISIONS ARE ALSO MADE SO THAT THE MICROPHOMNE CURRENY CAN BE 0B~
TAINED DIRECTLY FROM THE AMPLIFIER'S CIRCUITS, BEING CONTROLLED BY THE

SETTING OF THE JOO0O OHM POTENTIOMETER.

17 .o'i KA
!I
Po_.:: 4 Y
>
2 =z Qg
P O = <
8 3
so | at ] ::
o I wed, 25M | Imeq
MO~ # - VWA-AAAWA
1600 A
Go- A/
5500
ote. b.
— | o
1o D.C #,,W p

HEATER CIRCUIT

Fla, IO

Circuit Diagrarm of the //0 Veolt

O.C. Amplifier.

AN A. Cu-DQ c.
AMPLIF |ER

QuiTE
OFTEN, APUBLIC
ADDRESS AMP=
LIFIER 1§ RE=-
QUIRED WHICH
IS CAPABLE OF
OPERATINGEITH
ER FROM AN
A.C. or a D.C.
POWER SUPPLYe.
THE ONE WHOSE
CIRCUIT DlA~
GRAM 18 ILL=
USTRATED IN

Fiee |1 wiLL
MEET THESE DE
MANDS o THE

TUBES USED ARE
TyPE 37's 1IN
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THE FIRST TWO STAGES AND A PAIR OF 43!8 N THE PUSH=PULL POWER STAGE. TWO
257 5'8 ARE CONNECTED IN PARALLEL IN THE POWER CIRCUIT., FROM WHAT YOUHAVE
ALREADY LEARNED ABOUT AMPLIFIER CIRCUITS, A8 WELL AS THE APPLICATION OF
THE 25Z5 Tusk IN A.Ce=D.C. RECEIVER CIRCUITS, THERE WILL BE NO NEED TODI§

CUBS THIS CIR-

2 0RY coy 37 4 CUIT ANY FUR=
AR ' THER. IT I8

§ A 0@ WELL TOMENT JON,

. g HOWEVER, THAT

§ : “THE OUTPUT

RO-CURRENT e @ POWER OF THE

AMPLIFIER AS I4

| - i‘:‘:"‘* T LUSTRATED  IN

NIV 28z - :r-u's' Ficell  wourLp

MOTvouTS m;ﬁ:ﬁs:c .‘xzkfo BE ONLY ABOUT

QUTPUT. PLUY 3 WATTS, BUT BY

I e e CONNECTING A

FIL, CIRCUT ARRANGEMENT 45 voLTt ngn

Ol satTeERY IN THE

3w POSITIVE LEGOF

e v o THE FILTERCIR=

CUIT AT THE

Fla. il POINT  MARKED

: WiTH an X~ AND

Diagram of the A.c.-D.C. Amplifier: CONNECT ING ITS

POSITIVE OR

PLUS TERMINAL

TO THE CHOKE, THE "B" VOLTAGE FOR THE CIRCUIT WILL BE INCREASED ANDTHERE=
RY MAKE AN OUTPUT POWER OF ABOUT 5§ WATTS POSS}BLE.

A MOBILE SOUND SYSTEM

ANOTHER POPULAR FORM OF AMPLIFYING EQUIPMENT IS THAT DESIGNED  FOR
USE 0/l SOUND TRUCKS AND OTHER AUTOMOTIVE VEHICLES. AMPLIFIERS OF THISTYPE
ARE GENERALLY DESIGNED 80 THAT A 6 VOLT STORAGE BATTERY (USUALLY THE CAR
BATTERY) WiLL FURNISH THE FILAMENT SUPPLY OF ALL TUBES, WHILE A DYNAMOTOR
OPERATED FROM THE 6 VOLT BATTERY SUPPLIES THE NECESSARY "B" voLTAGE.THESE
OYNAMOTORS ARE 81iMILAR TO THOSE WHICH WERE ALREADY DESCRIBED TO YOU IN

YOUR LESSONS TREATING WITH AUTOMOélLE RECEIVERS,
TH
;H

A F.amp=

LIFYING EQUIP- | |
MENT,WHICH I8 CEI
INTZNDED TO BE | ™ :

’F
USED O uT } 5 - ! :
N AUTO- ' >
. | 3 1B + by -y
MOTIVE VEHICL= | Po—3 =R P8 & | 2B,
€8, ARE GEN= b g ] I -
P o— = | o
ERALLY REFERRED : ™
70 A8 MOBILE | qo—
SOUND SYSTEMS. v DYNAMGTOR
Smidlm | cwutoc §§ ev.0c
In Fia. I B
12 vou ARE -

SHOWN A CilR=

FlG, IZ
(V1) 3 . . . . s
g’,.‘ 'O:;::s:; Cireurt Oragram of the Mobile Amplifier
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AMPLIFIERWHICH 18 DESIGNED FORMOBILE USE AND THE TUBES USED ARE A 77 INTHE
INPUT STAGE, FOLLOWED BY AN 83 AND A PAIR OF 79's IN THE PUSH-PUSH POWER
BTAGE, PROVISIONS ARE MADE FOR A DOUBLE=BUTTON CARBON M|CROPHONE INPUT
AND ALSO FOR A PHONOGRAPH PICK=UP INPUT. THE SECONDARIES QF THE oUTPUT
TRANSFORMER OFFER IMPEDANCE MATOHING FASCILITIES FOR A LARQE VARIETY OF
LOADS. A POWER OUTPUT OF APPROXIMATELY (2 WATTS 1S AVAILABLE FROM THIS
AMPLIFIER.

Fige 13 wiLL QIVE YOQU
SOME SUGGESTIONS AS TO HOW THE
DIFFERENT UNITS OF THIS AMP=
LIFYING «8YSTEM MAY BE MOUNTED
ON A SEDAN.

HAVING COMPLETED THIS
LESSON, YOU ARE NOW  FAMILJAR
WITH THE GENERAL CONSTRUCTION
AND CIRCUIT FEATURES OF COMM=
ONLY Usep A,F. AMPLIFIERS FOR
SOUND SYSTEMS AND YOU WILL
FIND THIS KNOWLEDGE TO BE OF
GREAT HELP TO YOU DURING YOUR
STUDIES OF COMING LESSONS IN
THIS SERIES WHERE AMPLIFYING
SYSTEMS ARE EXPLAINED FROM A
MORE TECHNICAL STANDPO INT THAN Fla. 13

HERETOFORE, Mounting Mobile Eguipment.

>
SPEAKER ARRANGEMENT ON ROOF OF CAR
WHERS HORNS ARE TO BE USED INSTEAD OF BAFFLES

IT 1S WELL TO MENTION AT

THIS TIME THAT THE SAME PLAN OF INBTRUCTION IS FOLLOWED THROUGHOUT YOUR
ADVANCED SPECIALIZATION SUBJECTS. AS IN YOUR FOUNDATIONAL TRAINING. THAT
18, YOU ARE FIRS8T PROPERLY FAMILIARIZED WITH THE VARIOUS COMPONENTS WHICH
ARE USED TOGETHER IN ORDER TO FORM THE SYSTEM AND THEN WHEN YOU HAVE AC~
QUIRED THIS BASIC KNOWLEDGE,YOU ARE TAKEN IN LOGICAL STEPS THROUGH  THE
ANALYS IS OF THE ENGINEERING PROBLEMS WHICH ARE ASSOCIATED WITH THE 8YS8-
TeEM. SUCH A WELL ORDERED PLAN, YOU NO DOUBT ALREADY REALIZE 8Y THIS TIME,
PREVENTS THE POSSIBILITY OF OMITTING ANY DETAIL WHICH MAY NOT ALREADY BE
CLEAR TO A STUDENT AND OFFERS THE STUDENT A TYPE OF TRAINING WHICH T:]
UNDERSTANDABLE AND EASY TO MASTER, WHILE AT THE S8AME TIME MAKING THE IN=
STRUCTION SUFFICIENTLY TECHNICAL IN NATURE 80 THAT OUR GRADUATES ARE
QUALIFIED TO AVAIL THEMSELVES OF THE BETTER POSITIONS WHICH THE Rapto
INDUSTRY HAS TO OFFER.
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30-
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The man who fails to pay the price
of success will succeed in paying the
penalty of failure., The man who does

net learn cannot earn,

NHAT 13 THE ESSENTIAL DIFFERENCE BETWEEN A CLass A anD
A Ciass B ampLiFiER?

WHAT 18 MEANT BY A "RACK AND PANEL" DESIGN AS APPLIED
TO AN’ AMPLIFIER?

|LLUSTRATE 8Y MEANS OF A DIAGRAM AND EXPLAIN HOW THE
B1AS VOLTAGE IS PRODUCED FOR THE POWER STAGE IN THE AMP

LIFIZR CIRCUIT SHOWN IN F1G., 7 OF THIS LESSON.

FOR WHAT REASON ARE AMPLIFJER INPUT TRANSFORMERS FRE=-
QUENTLY SUPPLIED WITH SEVERAL PRIMARY WINDINGS,0R ELSE
WITH ONE PRIMARY WINDING HAVING A NUMBER OF TAPs?

WHY ARE SEVERAL SECONDARY WINOINGS,OR ELSE A SECONDARY
WITH A NUMBER OF TAPS, FREQUENTLY SUPPLIED ON THE OUT=
PUT TRANSFORMER OF AN AMPLIFIER?

Be= DrRAW A CIRCUIT DI1aGRAM OF AN A.C, oPErRATED Crasgs MAF
AMPLIFIER,

7.-

80-

9--

|00-

DrAW A CIRCUIT DIAGRAM OF AN A,C. oPERAaTED CLags "BY
AMPLIF|ER,

EXPLAIN IN DETAIL HOW THE SIGNAL 13 PASSED THROUGH THE
AAPLIFIZR FROM THE MICROPHONE TO ONE SPEAKER (N THE CIR
CUIT WHICH YOU HAVE ORAWN [N ANSWER TO QUESTION #6 OoF
THIS EXAMINAT ION.

Draw A CIRCUIT DIAGRAM OF AN A,C. OPERATED PORTABLE AMP=
LIFIER HAVING A DOUBLE=SUTTON CARBON M{]CROPHONE [NPUT ON
LYe

DRAW A CIRCUIT DIAGRAM OF AN AMPLIFIER SU}TABLE FOR JNS-
TALLATION ON A SOQUND TRUCK OR CARe
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LESSON N2 3

SPEAKERS FOR SOUND SYSTEMS
HAVING CONS IDERED MiCROPHONES AND AMPLIFIER CIRCUITS IN THE TWO
PRECEDING LESSONS, THE NEXT LOGICAL UNIT OF THE SOUND SYSTEM TO BE BROUGHT
TO YOUR ATTENT{ON witt Be THE LOUD SPEAKER,
|N GENERAL PRINCIPLES, THE SPEAKERS AS USED FOR PUBLIC ADDRES8S WORK

AND OTHER SOUND SYSTEMS ARE
\
" A‘f Speakers

PRACT ICALLY THE SAME AS THOSE
ﬂ‘

USED FOR RADIO RECEIVERS AND
ABOUT WHICH YOU ALREADOY LEAR
NED IN THE EARLIER LESSONSOF
THIS COURSE. THERE ARE, HOWw-
EVER,MANY SPECIAL FEATURESTO
BE FOUND ON PUBL|C ADDRESS
SPEAKERS AND ABOUT WHICH YOU
MUST KNOW BEFORE GOING  ANY
FARTHER IN THIS WORK.,

SPEAKERS, AS USED WITH
PusLic Aooress (P.A.)sysTeus,
CAN BE CLASSIFIED ASMAGNET=
1C, ELECTRODYNAMI}C, CONE, HORN
TYPE ETC.AND ALL OF THESEWILL
BE DESCRIBED TO YOU IN THIS
LESSON,

MAGNET IC SPEAKER WITH
TRUMPET-TYPE HORN

FiIRST,LET US LOOK AT
F1c.2. HERE YOU ARE SHOWN A
MAGNETIC SPEAKER UNIT TOGETH=
ER WITH A TRUMPET=TYPE HORNe
SINCE A MAGNETIC SPEAKERUNIT Fla.l
IS BEING USED IN THIS  INS- A Typical Speaker Installation.
TANCE,NO F|ELD EXITING CURR=
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‘ ENT WILL BE NEEDED AS 18 THE CASE W|TH THE ELECTRODYNAM|C SPEAKER UNIT
AND BECAUSE OF THIS,THE MAGNETIC TYPE SPEAKER ACAPTS |ITSELF WELL FOR
QUICK INSTALLATIONS.

FURTHERMORE,THIS TYPE OF SPEAKER 18 LIGHT |IN WE{GHT,EASILY CARRIED
AND [NSTALLED AND 18 THEREFORE ADAPTABLE TO AtL KINDS OFTEMPORARY SOUND
INSTALLATIONS. THIS SPEAKER HAS GOOD SOUND PROJECTING QUALITIES FOR OUT=
DOOR PURPOSES AND BY USING A SUFF|CIENT NUMBER OF THEM,A CONS |DERABLE AR-
EA CAN BE ADEQUATELY COVERED BY THE INSTALLATION.

THis SPEAKER, HOWEVER, DOES NOT HAVE THE TONE QUALITY AS THOSE TO BE

Suspens\'on Rings

) ™

( Efectro magnztfc
Unit

FlG, 2
Trumpet Type Hormn For Public Address Systems.

SHOWN YOU LATER BUT THEN FOR GENERAL ANNOUNCING PURPOSES ETC., TONE QUAL~=
ITY 1S NOT AS ESSENTIAL AS WHEN REPRODUCING MUSICe.

THE HORN ILLUSTRATED IN F1G.2 18 MANUFACTURED BY WRIaHT=DE CosTER
INnCe IT 18 FINISHED IN BLACK WEATHER=
PROOF Duco AND WiLL STAND ANY K INDOF
WEATHER. |TS TOTAL LENGTH IS 3 FT.S%;
INCHES; IT HAS AN OPENING OF 20 IN.

Diaphragm
) Magne ks

AT ITS BELL OR MOUTH AND WEIGHS 15
LBS,

THE MAGNETIC SPEAKER UNIT I8
sHOWN IN F1G.3,WHERE YOU WILL OBTAIN
BOTH A FRONT AND INTERIOR VIEW, A

DOUBLE MAGNET I8 USED IN THIS CASE,
80 AS TO ALLOW THE UNIT TO HANDLE A
GREAT DEAL OF POWER W|THOUT REDUCING
ITS EFFICIENCY. A POWER INPUT OF I3

REAR

WATTS IS RECOMMENDED FOR THIS  UNIT FRONT
AND THI3 SMALL WATTAGE MAKES IT POSe Fla.3
SIBLE TO COVER A GREAT AREA,BY  THE Magreti'c Speaker Unit

USE OF A NUMBER OF HORNS,W|THOUT THE /t‘o,- Trumpet Type Horr.
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NECESSITY OF A VERY LARGE POWERFUL AMPLIFIER.

TRUMPET DYNAMIC UNITS

NOT ALL TRUMPET TYPE HORNS ARE F|TTED WITH A MAGNETIC SPEAKER UNIT.
In Fia, 4, FOR INSTANCE, YOU ARE SHOWN THREE SIZES OF DYNAMIC UNITS AS
MANUFACTURED BY THE RacoN ELECTRIC Co. AND WHICH ARE DESIGNED TO BE USED
WITH TRUMPET HORNSe

ALTHOUGH THIS DYNAMIC UNIT .OPERATES UNDER THE SAME FUNDAMENTAL PRIN
CIPLES AS EXPLAINED TO YOU RELATIVE TO CONE-~TYPE DYNAMIC SPEAKERS IN AN
EARLIER LESSON, YET THE UNIT FOR THE HORN TYPE SPEAKER 18 SOMEWHAT DIFF=
ERENT IN CONSTRUCTION.

To BEGIN WITH, THE HORN TYPE DYNAMIC UNIT uses A SMALL orapHRAGM.
THIS DIAPHRAM S MADE OF SOME LIGHT METAL,8UCH AS DURALUMINUM, HAVING A
DIAMETER OF FROM FOUR TO SIX INCHESe. THE DIAPHRAGM [S USUALLY SUSPENDED
BY A CLOTH SUSPENS|ON,FASTENED AT SEVERAL POINTS AND QUITE OFTEN, A DOME=

Voice Coil Hormn bto be
< Terms. //’ mounkted Her:}

Fla. 4
Three Sizes of Trumpet Dynamic Units,

SHAPED OIAPHRAGM 1S USED.

THE VOICE COIL IS WOUND W|TH FINE COPPER OR ALUMINUM WIRE AND IT
IS FASTENED TO THE DIAPHRAGMe THE DIAPHRAGM |8 FREE TO MOVE UP AND DOWN
WITH A PISTON LIKE MOTION WITH ITS MOVEMENT, HOWEVER, BEING MORE OR LESS
RESTRICTED., FLEXIBLE LEADS ARE USED BETWEEN THE VOICE COIL AND THE BIND=
ING POBTS,WHICH ARE MOUNTED ON THE OUTSIDE OF THE CASE,

THE CASE ITSELF IS MADE OF MAGNETIC STEEL, FORMING A& PART OF THE
MAGNETIC CIRCUIT OF THE FIELD,AND THE FJIELD WINDINGS ARE HOUSED WITHIN
THE CASEe.

THIS TYPE OF SPEAKER UNIT MAY BE USED WITH A TRUMPET HORN OR ELSE
WITH AN EXPONENTIAL HORN WHICH IS EXPLAINED LATER IN THIS LESSON, Ir
CANNOT, HOWEVER, BE USED SUCCESSFULLY WITH A PLAIN BAFFLE BOARD.DUE TO
THE MANNER N WHICH IT MUST BE Usep WITH A HORN, 1T caAN BE SEEN THAT THE




PAGE 4 AMPLe, SYSTEMS

SPEAKER WILL BE HIGHLY DIRECTIONAL IN ITS PROPERTIES,SO AS TO CONCENTRATE
THE SOUND WITHIN A LIMITED AREA.

ALL OF THE DYNAMIC SPEAKER UNITS

' SHOWN YOU IN F1Ge4 ARE RATED AT A PEAK
LOAD CAPACITY OF 50 WATTS BUT THE RECOMM-
ENDED CAPACITY FOR CONTINUOUS OPERATION I8
FROM 20 TO 25 WATTS. IN ALL THREE OF THE
MODELS HERE |LLUSTRATED,THE VOICE COIL HAS

AN [MPEDANCE RATING OF |5 OHMS AT 1000
CYCLES PER SECOND AND THE FIELD COIL Is
DESIGNED TO BE EXITED BY A 6 To 8 VOLT sup
PLYe

As HAS ALREADY BEEN MENT |ONED INTHIS
LESSON, THE TRUMPET HAS HIGHLY DIRECT|ONAL
CHARACTERISTICS. THAT 1S,IT WILL PROJECT
THE SOUND OVER A CONS|DERABLE D|STANCE IN
WHATEVER DIRECTION IT IS8 POINTED BUT IT
WILL NOT DISTR|IBUTE THE SOUND OVER ANY A=
PPRECIABLE AREA TOWARDS EITHER SIDE OF ITS
OPENING. FOR THIS LATTER REASON, IT I8 THE

Dynamic

UnH:sT.
\

COMMON PRACTICE WHEN USING THIS TYPE OF

HORN AND WHERE THE AREA TO BE COVERED Is

F\G. 5 RATHER LARGE,TO ARRANGE SEVERAL OF  THESE

The Radial Horr, SPEAKERS AROUND A COMMON CENTER AND RAD|A-
TING OUTWARD IN ALL DIRECTIONS AS ILLus~

TRATED IN Fi1Ge! OF THIS LESSON.
SPECIAL TRUMPET DESIGNS

IN ORDER TO OVERCOME THE SHORT=COMING OF THE ORD|NARY TRUMPET HORN
AS REGARDS PROPER SOUND COVERAGE OVER AN APPRECIABLE AREA,SEVERAL MOD|=
FICATIONS OF THIS TYPE OF SPEAKER WERE DEVISED. IN Fi1e.5,FOR INSTANCE, YOU
ARE sHOWN THE RADIAL HORN, THis UNIT IS DESIGNED IN SUCH A MANNER THAT IT
WILL PROJECT SOUND OVER 350°0R FROM A COMMON POINT EQUALLY IN ALL HOR|=
ZONTAL DIRECTIONS,.

THis HORN, IS THEREFORE PARTICULARLY' ADAPTED FOR SOUND TRUCK USE,
TOWER, AMUSEMENT PARK,OR WHERE COMPLETE CJRCUMFERENTJAL COVERAGE I8 DE=
SIRED.

\

THE CONSTRUCTION OF THE HORN |S 8UCH
THAT FOUR DYNAMIC UN|ITS WORK INTO IT SIMUL=
TANEOUSLY AND IN THIS MANNER,A LARGE VOLUME
OF SOUND CAN BE SATISFACTORILY HANDLED.ALSO
OBSERVE THE DEFLECTICN PLATES AS USED AT THE

MOUTH OF TH|S HORN 80 AS.-TO RADIATE THE
SOUND OUTWARD IN ALL DIRECTIONS. THis HORN,
OF COURSE, IS INTENDED FOR MOUNTING IN A

VERTICAL POSITION THE SAME AS HERE | LLUSTRA=
TEDe

ElG. 6

W
THE TRUMPET HORN WHICH IS SHOWN YOU N 7‘/’2 F/ared Trumpef:
Fi1ce 6 HAS |TS BELL FLARED SO THAT THE SOUND
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WAVES AS THEY ARE EMITTED FROM T ARE SPREADOVER
A LARGER AREA, THE COMPARATIVELY FLAT TOP AND
BOTTOM SICES OF THIS HORN AlD CONS IDERABLY IN
PREVENT ING THE SOUND WAVES FROM BEING PROJECTED
EJTHER UPWARDS OR DOWNWARDS. THIS TVYPE OF TRUMPET
IS DESIGNED TO MEET SPECIAL CONDITIONS WHERE
SPACE I8 LIMITED AND IS EXCELLENT FORSOUND=TRUCK
USE,WHERE HEIGHT LIMITATIONS ARE IMPOSED.

IN F1Ge 7 YOU ARE SHOWN WHAT 1S KNOWN AS A
FOUR=UN|T AIRPLANE HORN. THIS IS ALSO A SPECIAL
TRUMPET TYPE DESIGN AND IS INTENDED FOR LONG=
RANGE PROJECTICN., PROVISIONS ARE MADE FOR CONNECT
ING FOUR DYNAMIC UNITS TO 1T,SO THAT WHEN  USED
TOGETHER WITH AN AMPLIFIER OF HIGH AUDIO  PCWER
OUTPUT, THE SOUND CAN BE SATISFACTORILY PROJECTED
OVER A GREAT DISTANCE.

THE EXPONENT tAL HORN

A DIFFERENT TYPE OF HORN IS SHOWN IN F1G.8
THis 15 kNOwN As aN EXPONENTIAL HORN anp  sOME-
TIMES THIS ENTIRE SPEAKER ASSEMBLY |S  REFERRED
T0 As AN "ajR=coLUMN sPEAKER™, THIS LATER  NAME
WAS ORIGINATED FROM THE FACT THAT THIS HORN FOS=
EESSES A LONG AIR COLUMN (DISTANCE FROM SPEAKER
UNIT TO BELL CR MOUTH) AND THIS AIDS MATERIALLY
IN BRINGING ABOUT A MORE FA|THFUL REPRODUCTIGN OF
THE LOWER AUDIC FREQUENCIES.

Fila, 7
Fowr Un/tE

Airplane Horn.

AS AN EXAMPLE,YOU WILL FIND HORNS OF THIS TYPE HAVING AN AIRCOLUMN
APPROX IMATELY JO FEET LONG AND WITH A BELL CPENING 30 x 40 INCHES IN

ALLY DECREASES 1IN

FRABLY IN TALKING

F'a. 3

CROSS—-SECTICNe THIS OPENING THEN GRADU=-

SIZE TOWARD THE INPULT

ENC OF THE HORN AT THE POINT WHERE THE
SPEAKER UNIT 1S ATTACHED.

THE sAME DYNAMIC SPEAKER UNITS WHICH
APPEAR IN F1Gs4 OF THIS LESSON ARE  USED
WITH THE EXPONENTIAL TYPE HORNe

THE EXPONENTIAL HORN 1S USED CONS )D=

PICTURE JNSTALLAT|ONS

AND WHEN USED WITH THE DYNAMIC SPEAKER
UNIT AS ALREADY STATED, THE ASSEMBLY WILL
FURNISH GOOD REPRODUCTION OF BOTH VOICE
AND MUSIC BUT IT 1S MORE EFFECTIVE IN THE
REPRODUCTION OF THE LOWER FREQUENCIES THEN
OF THE HIGHER FREQUENCIES.

H|3H~-FREQUENCY REPRODUCERS

AVERAGE SPEAKERS DROP SHARPLY [N RE
SPONSE AT FREQUENCIES AsoveE 3000 cycLEs

The Exponantial HMHorrr PER SECOND, WHEREAS HIGH FIDELITY  AMPLI-
FIERS MAY SATISFACTORILY HANDLE FREQUEN=
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clEs UP To AROUND |7,000 cvcLEs PER SECOND. HOWEVER,8Y usiNg A HIGH-FRE
QUENCY SPEAKER |N ADDITION TO THE REGULAR SPEAKER,THIS DIFFICULTY CAN BE
OVERCOME,

WHENEVER A HIGH FREQUENCY REPRODUCER
IS USED WITH A REGULAR SPEAKER,A SPECIAL
FILTER SYSTEM IS ALSO EMPLOYED WHEREBYONLY
THE HIGH FREQUENCIES ARE PASSED ON TO THE
HIGH FREQUENCY SPEAKER AND FOR WHOSE  RE=-
PRODUCTION IT IS ESPECIALLY DESIGNED. CoN=-
SEQUENTLY, THE HIGH FREQUENCY SPEAKER  RE=-
PRODUCES THE HIGHER FREQUENCIES FROM  THE
PO INT WHERE THE REGULAR SPEAKER LEAVES OFF
AND THE TWO BLEND TOGETHER SO AS TO COVER
A LARGE FREQUENCY RANGE AND THEREBY PROV |DE
HIGH FIDELITY PERFORMANCE,

F1G. 9

A High Frequency Speaker. THE NUMBER OF H|GH=FREQUENCY REPROD-
UCERS TO USE IN CONJUNCTION WITH LOW~ FRE=-

QUENCY SPEAKERS DEPENDS ON THE INSTALLATION
OR DISTRIBUTION OF SOUND,ALTHOUGH IT MAY USUALLY TAKE TWO LOW=FREQUENCY
SPEAKERS FOR ONE OF THE NEW TYPE HIGH=FREQUENCY SPEAKERS IN ORDER TOATT=
AIN A GOOD BALANCE OF TONEe.

IN F13.8 YOU ARE SHOWN ONE OF THE NEW H]GH-FREQUENCY SPEAKERSe. THE
SPEAKER UNIT ITSELF IS OF THE DYNAMIC TYPE AND IT 1S FITTED WITH A SMALL
TRUMPET HORN. |T REQUIRES NO BAFFLE AND THE POWER INPUT TO THIS UNIT I8
LIMITED TO FIVE WATTS.

H1GH FREQUENCY SPEAKERS OF THE CRYSTAL TYPE ARE ALSO BECOMING POP-
ULAR AND THE ADVANTAGES OFFERED BY THEM ARE THAT THEY REQUIRE NO  FIELD
CURRENT,AND CAN BE CONNECTED DIRECTLY TO THE VOICE COIL TERMINALS OF ANY
REGULAR DYNAMI|C SPEAKER. THE MOVEMENT OF THIS SPEAKER CONSISTS OF  FOUR
SPECIALLY MATCHED P|EZO=ELECTRIC CRYSTALS
THAT WILL ONLY RESPOND TO FREQUENCIES OVER
1600 cYcLES PER SECOND, THEREBY MAK ING UN=
NECESSARY THE USE OF A FILTER SYSTEM,

CONE~DYNAMIC SPEAKERS

THE CONE=DYNAMIC SPEAKERS AS USED
FOR PUBLIC ADDRESS WORK ARE IDENTICAL TO
THOSE USED IN RADIO RECEIVERS WITH THE EX~
CEPTION THAT THEY ARE LARGER IN S1ZE SO AS
TO BE CAPABLE OF HANDLING GREATER AUDIO POW
ER W|THOUT RATTLING]THEY ARE USUALLY OF THE
A,C. TYPE,HAVING THEIR INCIVICUAL F[ELD EN=
ERGIZING SUPPLY AND THE WATTAGE FURN ISHED
THE FIELD COIL IS GENERALLY GREATER THAN
THAT USED FOR RECEJIVER TYPE  CONE=DYNAMIC
SPEAKERS, Ft1a. 10

Cone Dynamic Speaker

IN F16.10 YOU ARE SHOWN A TYP|CAL EXAMPLE OF A CONE=DYNAM|C SPEAKER
AS USED FOR PUBLIC ADDRESS WORK. FREQUENTLY,SPEAKERS OF THIS TYPE ARE RE
FERRED To as AUDITORIUM SPEAKERS, OBSERVE IN THIS ILLUSTRATION THAT THIS
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SPEAKER THROUGHOUT IS OF STURDIER CONSTRUCTION THAN THE ORDINARY CONE
DYNAMICS. :

THE QUESTION D o L°%L{;¢4”e“°9 High
FREQUENTLY ARISES Yynam SRS Frequency

Cone

AS REGARDS THE Speaker
CHOICE BETWEEN A P L//

Waves

TRUMPET TYPE SPEAK=
ER OR A CONE=DYNA-
MIC PLACED EITHER
WITHIN A HORN OR
BEH IND A(BAFFLE, N—
THERE 18 NO QUES~
TION BUT THAT FOR
PROJECTING  SOUND Intermediate
OVER A LONG Di18= Frgquem-_.d Wave
TANCE, THE TRUMPET
18 BEST,BUT WHERE FlG. 1l
GOOD REPRODUCTION

18 DES IRED, THE CONE Sound Emanations From Corne Dynamnic Speaker

DYNAM|C UNIT 18PRE

FERABLE.HOWEVER, FOR BEST FREQUENCY RESPONSE, THE DYNAMIC CONE SHOULD  BE
USED ONLY WITH STRAIGHT BAFFLES OR W|DE=FLARE HORNS. THE REASON FOR THIS
1s ILLUSTRATED IN Fig.lls

By sTuoving FiG. |l YOU WiLL DBSERVE THE LOCATION AND SHAPE OF THE
LOW=FREQUENCY SOUND WAVES AS THEY EMANATE FROM THE CONE.THE H1GH-FREQUEN
CY WAVES, YOU W|LL NOTICE,ARE PROJECTED PRACTICALLY STRAIGHT AHEAD 80 THAT
THEY WILL REACH OUT OVER CONS |CERABLE DISTANCE. THE LOW=FREQUENCY WAVES,
ON THE OTHER MAND, HAVE A NATURAL TENDENCY TO SPREAD OUTWARDS TOWARDS
THE SIDES SHORTLY AFTER THEY LEAVE THE CONE SURFACE AND ARE NOT READILY

PROJECTED FORWARD FOR ANY GREAT DISTANCE.

Frame Opening CONDITIONS BEING SUCH, IT 1§ CLEAR

7 for Speaker THAT IF TH18 SPEAKER UNIT WERE  MOUNTED

| 7o A womw OF TRUMPET DESIGN WHERE THE

PROJEGTION OF SOUND 18 THE CHIEFCHARACT=

/1 ERISTIC, THE LOW=FREQUENCY WAVES WILL BE

/ | sqQuAsSHED AND THEREBY DISTORTED BY THE

RESTRICTION OFFERED 8Y THE SMALL END OF
THE HORN. |N FACT,THESE LOW=FREQUENCY

WAVES WOULD ACTUALLY BE LOST IN A  HORN

DES1GNED FOR THE PROJECTION OF SOUND UN=

LESS THE FLARE OR ANGLE OF THE HORN IS

80 GREAT THAT (T IS USELES8 AS A  SOUND

PROJECTING AND DIRECTING DEVICE.

_/) THE HORNS AS USED WITH CONE= DYNA-
Baffle Board MIC SBPEAKER UNITS ARE A COMPROMISE  IN
THAT THEY ARE FLARED CONSIDERABLY S0 AS
NOT TO RESTRICT THE LOW=FREQUENCY WAVES

Fta.12-
MATERIALLY AND YET AT THE SAME TIME ARE
55f77‘ f;r C:mveADgna— CONSTRUCTED TO PROVIDE REASONABLY QOOD
e J%beaéer, SOUND PROJECT ING QUALITIES. THESEVARIOUS

HORN DESIGNS WILL BE DESCRI3ED TO YOU IN
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THE FOLLOWING PARAGRAPHS,
BAFFLES FOR CONE SPEAKERS

fiN SOUND INSTALLATIONS WHERE 1T I3 NOT NECESSARY THAT THE SOUND
WAVES BE OIRECTED PART|CULARLY

WELL IN ANY GIVEN DIRECTION AND
WHERE QUALITY OF REPRODUCTION I8
MOST DESIRABLE, THEN A STRA | GHT
BAFFLE CAN BE EMPLOYED IN CONe=
JUNCTION WiTH THE CONE=DYNAM]C
SPEAKER UNIT.

A TYPICAL BAFFLE FOR THIS
PURPOSE IS SHOWN You IN Fia. 2.
THE ONE HERE ILLUSTRATED IS ES=
PECJIALLY SUITABLE FOR A SPEAKER
INSTALLATION IN DANCE HALLS,SKAT
ING RINKS AND IN SOME  THEATERS

Speakzr

(1N ALL INSTANCES DEPENDING UPON

Fila. 13 THE ACOUSTIC PROPERTIES OF  THE
Cone S/beake:r Meounted to Horr. ROOM) «

THE BAFFLE INF1Ge |2 1S MADE OF SOME SUCH NON~RESONANT MATERIAL 4s CEL
oTEX OR FIRTEX WHICH 1S I" THICK AND ABOUT 4 FT. SQUARE., THIS MATERIAL
IS MOUNTED IN A WOOOEN FRAME AND A SHELF 18 PROVIDED ON THE REAR SI1DE
OF THE BAFFLE TO SUPPORT THE SPEAKER UNITe

THE USE OF HORNS WITH CONE SPEAKERS

IN CASES WHERE IT IS DESIRED THAT THE CONE SPEAKER PROJECT 178
SOUNDS IN A DEFINITE DIRECTION, THEN THE SPEAKER UNIT CAN BE MOUNTED TO A
SPECIALLY DESIGNED HORN,SUCH AS PICTURED 1N Fia. 13,

THE HORN SHOWN IN Fi1G. |3 HAS AN OVERALL OUTS|IDE LENGTH OF 48"
AND A BELL OPENING OF 30 x 213 INCHES.

A FRONT VIEW OF THIS SAME HORN 1S SHOWN IN F1@.14 ANO HERE THE
BAFFLE OPEMING FOR THE SPEAKER CONE CAN BE SEEN AT THE INNER END. INTHIS
CASE, THE BAFFLE IS ONLY SLIGHTLY LARG=
ER THAN ITS HOLE,WHICH ACCOMMODATES
THE SPEAKER'S MOUTH. A3 YOU WILL NOTE
IN THIS ILLUSTRATION,BOTH SIDES  OF
THIS HORN ARE FLARED,WH]CH ENABLES IT
TO COVER A LARGE AREA.THE TOP OF THE
HORN, ON THE OTHER HAND, IS PRACT ICALLY
FLAT,WHICH ADDS TO THE ADVANTAGE OF
KEEP ING THE SOUND OFF THE CEILING.

THIS TYPE HORN PROVIDES GOODRE=

SULTS IN THEATERS AND OTHER §NDOOR 1IN

STALLAT IONS, WHERE THE SOUND IS TO BE

DIRECTED TOWARD THE AUDIENCE AND KEPT

AWAY FROM THE WALLS AND CEILING AS v
ew .

MUCH AS POSSIBLE. |T 1S ALSO SUITABLE Front ew of Horn.

Fla. 14
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FOR OUTDOOR INSTALLATIONS,PROVIDED THAT THE DISTANCE 15 ae coverep isNoT
TOO GREAT. THAT 18, THIS HORN SPREADS THE SOUND OUT over A WIDE AREA pur

IS LIMITED AS TO THE DISTANCE COVERED,

In Fige 15 AN INTERESTING HORN
DESIGN IS SHOWN, WHOSE CHIEF FEATURE IS
TO PROJECT THE SOUNDS OVER A CONS |DER=
ABLE DISTANCE. |T WILL NOT,HOWEVER, CO
VER AS BROAD AN 'AREA AS THE HORN WITH
THE FLARED SIDES,WHICH IS SHOWN IN
Frg. 14, 'BecAuse oF THIS, IT WILL BE
NECESSARY TO USE A GREATER NUMBER OF
THE HORNS OF THE TYPE ILLUSTRATED IN
Fi1a. 15; IN ORDER TO COVER THE SAME
AREA AS IS POSSIBLE WITH THE HORN OF
Fiz. 14 sut THe DISTANCE coverep wiLL
BE GREATER.

THE HORN OF Fia. |5 caN BE useD
TO ADVANTAGE IN SOUND -INSTALLAT |ONS
MADE AT AIRPORTS, STADIUMS ETC. WHERE
THE DISTANCE To BE COVERED IS A VITAL
FACTORe FURTHERMORE, AN INSTALLATION IN

IS e £ M
_—‘ﬂ‘—‘*‘»‘

FIG. 15
Horn Design to Froject
Sowund to Greater Distance.

LOCATIONS AS THIS OFFER THEREQUIR=

ED SPACE,S0 THAT SEVERAL OF SUCH SPEAKERS CAN BE CONVEN|IENTLY MOUNTED IN

ORDER TO TAKE CARE OF A LARGE AREA.

_ NoT ONLY ARE THE HORN DES|GNS OF Fic. |4 anD |5 GoOD REPRODUCERS OF
VO ICE BUT OF MUSIC AS WELL. THE HORN OF FiG. |5 HAS AN OVERALL LENGTH OF

48 INCHES AND A BELL OPENING OF 23 x 22

Fi1Gg. )6
Grgantic Speaker for
Outdoor Use.

INCHES.

STILL ANOTHER TYPE OFHORN
1S sSHOWN IN F1G. 18 AND IT Is
ESPECJALLY DESIGNED AND BUILT
FOR OUTSIDE USE. THE HORN Is
MADE OF THICK, STRONG, NON=RESON=
ANT MATERIAL, RE{NFORCED WITH
METAL. IT IS DOPED WITH A SPEC=-
JAL WATER=-PROOFING MATERIAL
WHICH WILL WITHSTAND THE SEVER=
EST KIND OF WEATHER AND ABUSE.

THE CONE TYPE ELECTRODY=
NAM]C SPEAKER UNIT, IS CONTAINED
WITHIN A METAL WATSER=PROOF COM=—
PARTMENT AT THE SMALL END OF THE
HORN. THE SPEAKER IN THIS CASE
USES A WEATHER=PROOF CONE,WH|CH
IS PROTECTED BY A COPPER SCREEN,
IT 1S CLAIMED THAT THIS SPEAK=-
ER UNIT AND HORN COMB INAT{]ON CAN
8E HEARD WITH EASE FOR A DjS=-
TANCE OF TWO OR THREE MILES,
WHEN THE SPEAKER UNIT §S PROV JD=
ED WITH AN OPERATING POWER OF
I5 1o 30 wATTS.
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THIS SPEAKER CAN BE MOUNTED ON TOP OF AN OPERATOR'S ROOM OR TOWER
AND ITS MOUTH CAN BE TURNED TO ANY DESBIRED DIRECTION BY THE  ANNOUNCER,
THIS HORN IS 7 FT. LONG AND ITS HEIGHT FROM THE BOTTOM OF THE BASE TO THE
TOP OF THE HORN 18 6 FT, THE WIODTH OF THE MOUTH 1S 4 FT. | INCH AND THE
WIDTH OF THE BACK Is I8 INcHES. THIS GIGANTIC SPEAKER WEIGHS ABoUT 480
LBS,

SPEAKER CONNECT IONS

FOR SOUND INSTALLAT|ONS,WHERE ONLY A SINGLE SPEAKER IS USED, wE
HAVE PRACTICALLY THE SAME PROBLEMS TO CONTEND WiTH AS IN THE CASE OF RE=
CEIVERS. FOR INSTANCE,WHEN USING A DYNAMIC SPEAKER, THE VOICE COIL IMPEOD=
ANCE SHOULD BE MATCHED TO THE IMPEDANCE OF THE AMPLIFIER'S OUTPUT TRANS-
FORMER SECONDARY WINDING. THAT 1S TO SAY, IF THE VOICE COIL OF THE SPEAK=-
ER BEING USED HAS AN IMPEDANCE RATING OF O OHMS, THEN THE SECONDARY WIND—
ING OF THE OUTPUT TRANSFORMER, ACROSS WHOSE TERMINALS THE VOICE COIL I8
TO BE CONNECTED, MUST
ALSO HAVE AN [MPEDANCE
RATING OF 9 onms, THIs
Puwer Stage ,/’SP¢ak¢rS“’) YOU HAVE ALREADY LEARN~
ED IN YOUR LESSONSPER~
TAINING TO RECEIVERS.

IN PUBLIC ADDRESS

INSTALLATJONS, IT s
THE COMMON PRACTICE TO

USE MORE THAN ONESPEAK
ER AND A VARIETY oF
OIFFERENT SPEAKER CONN=
~ Output Trans]—ormer ECTIONS ARE BE|ING USED
IN SUCH CASES TO BRING
ABOUT THE DESIRED RE=-
suLTs., FiIRsT,LET us
CONSIDER A PARALLEL
CONNECT | ON»

FiGg. 17
Paralle! - Connected S/oeakers.

PARALLEL SPEAKER CONNECTION

INn Fig. 17 vou ARE SHOWN ONE WAY IN WHICH THREE DYNAMIC  SPEAKERS
MAY BE CONNECTED IN PARALLEL. ASSUMING THAT EACH OF THE THREE SPEAKERS
HERE USED HAVE A VOICE COfL WHOSE IMPEDANCE RATING 1S 9 OHMS, THEN THE
TOTAL EFFECTIVE IMPEDANCE OF THE THREE TOGETHER WILL BE EQUAL To I/3 oF
S OR ONLY 3 oHus, IN OTHER WORDS, THE TOTAL IMPEDANCE OF A PARALLEL COM=
BINATION WILL IN THIS [NSTANCE BE DETERMINED IN THE SAME MANNER A8  THE
TOTAL RESISTANCE OF A PARALLEL RESISTANCE COMBINATION == NAMELY,

J_J__LJ_ETC.,OR_L_I__I._I. ETC.
R R R R 4 Z Z Z

SINCE IN THE CcIRcuIT OF Fla. 17, THE TOTAL  IMPEDANCE OF THE BPEAK=
ER VOICE COILS AMOUNTS TO 3 OHMS, THEN THE SECONDARY WINDING OF THE OUT=-
PUT TRANSFORMER HERE USED MUST ALSO HAVE AN IMPEDANCE RATING OF 3 OHMS,
WE THEN SAY THAT THE IMPEDANCES ARE “PROPERLY MATCHED",

SERIES SPEAKER CONNECT ION

Fia. 18 sHOWS YOU HOW THE SAME THREE SPEAKERS CAN BE CONNECTED N
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SERIES. HOWEVER, WITH THE SERIES CONNECTION,THE TOTAL IMPEDANCE OF  THE
SPEAKER VOJCE COILS BECOMES EQUAL TO THE SUM OF THEIR INDIVIDUAL IMPED=
ANCES. IN OTHER WORDS, IF THE°VOICE COIL §MPEDANCE OF EACH OF THESPEAKERS
IN F1c.!8 18 9 oMMs, THEN THE THREE TOGETHER WILL OFFER AN [MPEDANCE OF
94+9+9=27 omus. (IN A seriEs connecTioN R=R+R+R 3ETCe OR Z= Z+Z+Z
ETC). THE SECONDARY WINDING OF THE OUTPUT TRANSFORMER FOR THIS ARRANGE-
MENT MUST THEREFORE, BE, 27 OHMS.

THEORETICALLY,THE DIVISION OF POWER BETWEEN THE PARALLEL OR BERIES
SPEAKER ARRANGEMENT WiLL BE THE SAME BUT IN ACTUAL PRACTICE, IT WiLL BE
MORE EVEN IN THE SERJES ARRANGEMENT, IN THAT THE CURRENT FLOW THROUGH EACH
SPEAKER WILL [N TH]S CASE BE THE SAME REGARDLESS OF THE LENGTHS OF CONN~
ECTING WIRE USED BETWEEN THEM ETCe. |N THE PARALLEL ARRANGEMENT, ASLIGHT=-
LYHIGHER RESISTANCE IN
ONE BRANCH WiLL DEPRIVE

THIS BRANCH OF THE PRQ Power Stage
PER PROPORT |ON OF POW= _ Output
ER AND AT THE SAMET IME 1?ansF

CAUSBE AN EXCESS OF POWe=
ER TO BE IMPRESSED UPON

THE OTHER SPEAKERS.
S
IF A HIGH IMPED- F‘Bker 2
ANCE LOAD 13 USED,SUCH

AS A NUMBER OF MAGNET=
1C SPEAKERS AND HEAD=
PHONES, THEN .1F TOO MANY
OF THESE ARE CONNECTED

IN SERJES, THE TOTAL jve B+;
PEDANCE WiLL BECOME 80O
HIGH AS TO BE |MPRACT= Flag. 18 :

ICAL, HENCE A PARALLEL Series- Conmnected: Speakers.
ARRANGEMENT WOULD HERE

BE RESORTED TO. THEN

ON THE OTHER HAND, IF LOW JMPEDANCE REPRODUCERS, SUCH AS DYNAMIC SPEAKERS
ARE USED,WE FIND THAT IF TOO MANY OF THESE UNITS ARE CONNECTED IN PARA=
LLEL, THE TOTAL IMPEDANCE W|LL BECOME SO SMALL AS TO BE IMPRACTICABLE.
THEREFORE, TO HAVE A SPEAKER LOAD WHOSE TOTAL IMPEDANCE IS NEITHER ToO
HIGH NOR TOO LOW FOR PRACTICAL PURPOSES, A SERIES=PARALLEL  ARRANGEMENT
OF SPEAKERS 1S USUALLY EMPLOYED.

SER |ES-PARALLEL SPEAKER CONNECTION

A SER|IES~PARALLEL CONNECT ION OF SPEAKERS 1S SHOWN You IN Fia. 19,
HERE WE HAVE NINE SPEAKERS == THREE SPEAKERS ARE CONNECTED IN SERIES
IN EACH GROUP AND THE THREE GROUPS ARE CONNECTED IN PARALLEL ACROSS THE
SECONDARY WINDING OF THE OUTPUT TRANSFORMER,

IF EACH OF THE SPEAKERS HERE USED HAS A VOICE COIJL IMPEDANCE oF
9 OHM8, THEN THE TOTAL IMPEDANCE OF EACH SERIES GROUP WiLL BE 3 x 9 orR 27
oHMS. THEN SINCE THREE SUCH GROUPS OF 27 OHMS EACH ARE CONNECTED IN PARA

LLEL, THE TOTAL IMPEDANCE OF THE ENTIRE COMBINATION WiILL BE 27-%3 OR 9
OHMS. THIS, YOU WILL NOTICE, IS THE SAME IMPEDANCE VALUE AS OFFERED By

ANY ONE OF THE SPEAKERS ALONE. THE SECONDARY WINDING OF THE OUTPUT TRANS=
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FORMER WILL IN THIS CASE THEN HAVE TO BE RATED AT 9 oHMS.

TRANSMISSION LINES

ALL OF THE SPEAKER CIRCUITS SO FAR SHOWN YOU [N THIS LESSON ARE
SUCH THAT THE VOICE COILS OF THE SPEAKERS ARE CONNECTED DIRECTLY ACROSS
THE SECONDARY WINDING OF THE OUTPUT .TRANSFORMER AND THE ENTIRE SPEAKER
CIRCUIT 153 THUS OF A LOW=JIMPEDANCE ORDER, |F THE NATURE OF THE INSTALLA=
TION 15 SUCH THAT THE SPEAKERS ARE LOCATED AT A CONSIDERABLE DISTANCE
FROM THE AMPLIFIER AND THEREBY REQUIRING WIRES OF CONS|DERABLE LENGTH
BETWEEN THESE TWO POINTS,THEN WE RUN INTO DIFFICULTIES, WHEN USING SPEAK=
ER CIRCUITS AS SO FAR [LLUSTRATED.,

THE RUN OF WIRES BETWEEN THE OUTPUT OF THE AMPLIFIER AND THESPEAK=
TRS 1S KNOWM AS THE TRANSMISSION LINE. IF THE TRANSMIZSION LINE I8 oF
THE LOW=|VPEDANCE TYPE,AS WILL BE THE CASE IN THE CIRCUITS SO FAR |LLUS-
TRATED,WE HAVE THE FOLLOWING CONDITIONS TO CONTEND WITH?

THE CHAR=
ACTERISTICS OF A
LOW= IMPEDANCE TRA
N\ NSMISSION LINE

(arounp 8 TO 16
OHMS) ARE AS
FOLLOWS:

Power gkaqz L\Speakcrs\

4

/

(1) Lowvoy
TAGE AND HIGH CUR
RENT.

(2) Strona
\\ ELECTROMAGNETIC
FIELDS AROUND THE
——
1“ Out put Transf. WIRES WHICH MAY
CAUSE FEED=BACK
OR CROSS=TAlK,

Flg. 19
Series- Paralle! Connection of S}beaéer‘s

(3) 0.C.RE

SISTANCE OF LINES
(DUE TO LENGTH) IS APPRECJIABLE AND RESULTS N A LOSS OF POWER,.

To OVERCOME THESE UNDES|RABLE CONDITIONS, IT 18 THE COMMON PRACTICE
TO USE TRANSMISSION LINES OF HIGHER |MPEDANCE FOR INSTALLATIONS OF THE
TYPE NOW BEING CONSIDERED AND S0 THAT THE (MPEOANCES WlLL THEREBY NOT BE
M{S=MATZHED BETWEEN THE AMPLIFIER AND THE SPEAKERS, TWO SPECIAL IMPEDANCE=
MATCH ING TRANSFORMERS ARE USED IN THE MANNER ILLUSTRATED 1IN Fic. 20.

TRANSMISSION LINES OF HIGH= IMPEDANCE VALUES SUcCH As 5000 oHms OR
H13HER HAVE THE FOLLOWING CHARACTERISTICSS~

(1) HigH VOLTAGE AND LOW CURRENT,
(2) Weak ELECTROMAGNET FIELDS.

(3) Power LOST DUE TO CURRENT BEING 0PPOSED BY D,C. RESISTANCE ofF
TRANSMISSION LINE NEGLIGIBLE.
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(4) CAPACITIVE EFFECT BETWEEN THE TWO LINES APPRECIABLE.

THE FIRST THREE CHMARACTERISTICS OF THE H{GH IMPEDANCE TRANSMISSION
LINE ARE DES|IRABLE,WHEREAS THE LAST MENTIONED CHARACTERISTIC I8 HIGHLY

UNDES IRABLE DUE TO THE BY=PASSING EFFECT OF THE HIGHER FREQUENCIES BE=
TWEEN THE LINES.

IN ACTUAL INSTALLATION PRACTICE,A COMPROMISE I8 THEREFORE MADE BE-
TWEEN A LOW AND H|GH |MPEDANCE TRANSMISSION LINE AND RATINGS OF 200 ToO
600 OHMS HAVE BEEN FOUND TO BE 1DEAL. TRANSMISSION LINES OF 500 OHvs ARE
MOST COMMONLY USED FOR PUBLIC ADDRESS WORK.

WiTH THIS INFOR-
MATION IN MIND,LET US Transmission
RETURN TO F16.20. Here ine
WE FIND THAT IF A 500 A
OHM TRANSMISSION LINE i’ ]
IS BEING USED, THEN THE - t
OUTPUT TRANSFORMER OF H ‘

|
|

_ArnpUﬁér

THE AMPLIFIER,OR  THE
TUBE TO LINE TRANS=-
FORMER" IN THIS CASE,
WOULD HAVE A  PRIMARY
WINDING WHOSE IMPEDANCE
IS MATCHED TO THE PLATE Tube to ransf
CIRCUIT OF THE POWER 1

TUBES,WHEREAS IT8 SEC=- B+
ONDARY WINDING  WOULD
BE RATED AT 500 OHMS, ' FIG. 20

THe "LINE TO SPEAKER 4,010//'63['/'0/1 of Transmission Lire.
TRANSFORMER", ON THE

OTHER HAND,WILL INTHIS

CASE MAVE A PRIMARY WIND ING WHOSE {MPEDANCE RATING IS 500 oHMs TO MATCH
THE SECONDARY OF THE PRECEDING TRANSFORMER AND THE SECONDARY WINDINGWILL
HAVE AN [IMPEDANCE RATING TO CONFORM WITH THE TOTAL VOICE COIL IMPEDANCE
CALLED FOR BY THE PARTICULAR SPEAKER COMBINATION.

MULT IPLE SPEAKER TRANSFORMERS

IN Fige 2! YOU ARE SHOWN & GOOD METHOO OF CONNECTING A GROUP oF
SPEAKERS TO A TRANSMISSION SYSTEMe [N THIS EXAMPLE,EACH SPEAKER HAS TS
INDIV IDUAL INPUT TRANSFORMER MOUNTED DIRECTLY AT THE SPEAKER AND THE PR]
MARY WINDING OF THE INPUT TRANSFORMER OF EACH OF THE FIVE SPEAKERS BEING
USED HAS AN IMPEDANCE RATING OF 2500 oHms. SINCE FIVE OF THIS WINDINGS
ARE CONNECTED IN PARALLEL ACROSS THE TRANSMISSION LINE, THEIR TOTAL OR
COMBINED IMPEDANCE WiLL BE |/5 oF 2500 oHus orR 500 omws. THIS COMBINEDOR
EFFECTIVE LOAD IMPEDANCE OF 500 OHMS WiLL THEREFORE MATCH THE 500 OHM
IMPEDANCE RATING OF THE AMPLIFIER TO LINE TRANSFORMER'S SECONDARY WIND=
INGe THE SECONDARY WINDING OF EACH OF THE SPEAKER INPUT TRANSFORMERSWILL
OF COURSE HAVE ITS IMPEDANCE MATCHED TO THAT OF THE VOICE COIL TO WHICH
IT 18 CONNECTED.

ANOTHER METHOD OF COUPLING A GROUP OF SPEAKERS HAV{ING INDIVIDUAL
SPEAKER |NPUT TRANSFORMERS TO THE TRANSMISSION LINE 1S JILLUSTRATED FOR
vou IN Fic. 22, HERE THE PRIMARY WINDINGS OF THE SPEAKER INPUT TRANSFORM=
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ERS ARE CONNECTED IN A SERIES=PARALLEL ARRANGEMENT. |F EACH OF THESE PR|=
MARY WINDINGS HAVE AN IMPEDANCE RATING OF 500 OHMS, THE TOTAL | MP EDANCE
OF EACH SERIES GROUP WJLL BE EQuUaL T0 500500 or 1000 oHms BuT SINCE
TWO OF THESE SERIES GROUPS ARE CONNECTED IN PARALLEL,THEIR COMBINED EFF=-
ECTIVE IMPEDANCE wiLL BE |000+2 orR 500 OHMS,WHICH 1S THE SAME AS  THAT
OF ANY ONE OF THESE WINDINGS ALONE, THEREFORE, {N ORDER FOR THE ENTIRE

SPEAKER CIRCUIT TO BE PROPERLY MATCHED TO THE SECONDARY WINDING OF THE
AMPLIFIER TO LINE TRANSFORMER,THIS LATTER WINDING MUST HAVE AN IMPEDANCE
RATING OF 500 oHms.
Amplifu'er Ampl fo
—l Line Transf, SPea\ter SP““Q" #4
/ -
4« d d d ' d
°
o 0o ve o éc s Vi€ o gic 3 v.C
o 0 © n w | w
= o o o o I o
redbedi ]
‘gPeakzr SPeaker ) SPcaker
#3
V.C. = Voice Coil

Fla. Z)
A Five-Spesker Syster.

HAVING COMPLETED THIS LESSON, YOU SHOULD NOW HAVE A GQOOD UNDERSTAND=
ING OF THE DIFFERENT TYPES OF SPEAKERS AND HORNS, AS WELL AS THE VAR|OUS
METHODS OF CONNECTING MULT IPLE SPEAKERS TO THEAMPLIF|ER OF A PUBLIC ADD=
RESS INSTALLAT ION.

IN THE FOLLOWING LESSON,YOU ARE GOING TO ENGAGE IN THE STUDY OF A
MOST INTERESTING SUBJECT==NameLy ACOUSTICS, HErRe You wiLL LEARN HOW SOUND
AMPLIFYING EQUIP=
MENT CAN BE  USED

TO THE BESTADVANT= Amplifrer S{aakcr Sreaker
AGE IN THE MORE T Transmission ) #35
DIFFICULT INSTALL~ L'"e

ATIONS BY REDUCING
ECHOES, REVERBERA=
TION AND DEADSPOTS
TOo A miNIMum, NoT
ONLY WILL YOU FIND i
THIS NEXT LESSON

OF SPECIAL INTEREST ‘
BUT IT Is ALSO

EXCEEDINGLY JMPOR-
TANT N THAT 1T
DEALS WITH A SUB-

3l i
nf@

R
E

5000

S’aez ker

JECT WHICH I13LITT=
LE UNDERSTOOD =3 4
THE AVERAGE TECH=
NICIAN,

Fla. 27

Serres- Farallel .5}0::&00- Connectrons.,




Examination Questions
i

+

~ \/ﬂ/' 6 [)/}w
/UVV} LESSON NO. AS-3

e = FOR WHAT TYPE OF SOUND SYSTEM INSTALLATION ARE THUMPET
TYPE MAGNETIC SPEAKERS BEST suiTeD?

2. = DESCRIBE A DYNAMIC SPEAKER UNIT OF THE TYPE SUITABLEFOR
USE WITH A TRUMPET OR EXPONENTIAL HORN,

3. = WHAT FORM OF HORN IS BEST SUITED FOR A CONE DYNAMIC
SPEAKER? STATE THE REASON FOR YOUR ANSWER.

4, = WHY ARE HIGH FREQUENCY SPEAKERS USED IN SOME iNsTancCES?

5. = |LLUSTRATE BY MEANS OF A DIAGRAM HOW A GROUP OF THREE
DYNAM{IC SPEAKERS MAY HAVE THEIR VOICE COlLS CONNECTEDTO
THE SECONDARY WINDING OF A SINGLE OUTPUT TRANSFORMER.
(lNDICATE IMPEDANCE VALUES ON YOUR DlAGRAMO)

B, = WHAT ARE THE CHIEF ADVANTAGES OF USING A 500 OHM TRANS=
MISSION LINE BETWEEN THE OUTPUT OF THE AMPLIFIER AND THE
SPEAKERS OF A PUBLIC ADDRESS sYsTem?

7. = DRAW A CIRCUIT DJIAGRAM, SHOWING HOW FOUR SPEAKERS,HAVING

INDIVIDUAL INPUT TRANSFORMERS,MAY BE CONNECTED TO A
COMMON TRANSMISSION LINE AND SHOW HOW THE JMPEDANCES ARE
MATCHED,

8., =« WHAT TYPE OF SPEAKER INSTALLAT)ON WOULD YOU PREFER TO USE
IF FAITHFULNESS OF REPRODUCTION IS THE MOST IMPORTANT CHAR
ACTERIST LG, DESIRED?

9, = How DO THE CONE DYNAMIC SPEAKERS,AS USED FOR PUBLIC ADD-
RESS WORK,DIFFER FROM TH|S SAME TYPE OF SPEAKER AS USED
IN CONJUNCTION WITH A RADIO RECEIVER?

10.~ DESCRIBE AN EXPONENTIAL HORN, WHAT OTHER NAME IS SOME=
TIMES USED FOR A SPEAKER EMPLOYING AN EXPONENTIAL HORNT
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Amplifuing Dystems
LESSON NO. 4
- ACOUSTICS -

ALTHOUGH AN EXCELLENT SOUND AMPLIFYING SYSTEM MAY BE DES IGNED AND
CONSTRUCTED, YET THE INSTALLATION AS A WHOLE MAY BE A FAILURE IF THE A=
COUSTIC CONDITIONS ARE NOT SATISFACTORY. THEREFORE, IF THE BEST OF RESULTS
ARE TO BE EXPECTED FROM ANY SOUND SYSTEM, IT 1S IMPERATIVE THAT THE EN=-
GINEER IN CHARGE OF THE INSTALLATION WORK HAVE A GOOD UNDERSTAND ING oF
ACOUSTICS.

By ACOUSTICS IS MEANT THE SCIENCE OF SOUND AND IN THIS LESSON WE
SHALL TREAT THIS SUBJECT FROM AN ANGLE OF CLEAR AND INTELLIGIBLE REPROD=
UCTION. TO MAKE THIS POS-
S1EeLE, THE SPEAKER MUST BE

INSTALLED AT THE MOST
ADVANTAGEOUS POSITJONS 80
AS TO DISTRIBUTE THE

SOUND OVER THE DESIRED
AREA UNIFORMLY AND IF THE
SYSTEM BE (INSTALLED IN
AN AUD|ITORIUM, HALL ORANY
OTHER SPACI0US ENCLOSURE
OR EVEN IN THE OPEN AIR
FOR THAT MATTER, PROPER

STEPS MUST BE TAKEN =1e]
AS TO REDUCE ECHOES, REV=-
ERBERATION, DEAD SPOTS ETC

FRANKLY, THE TASK OF
CREATING THE PROPER A=~
COUST|C CONDITIONS IS
FREQUENTLY THE MOST DIFE
JCULT PROBLEM OF THE EN=

TIRE INSTALLATION AND

ALTHOUGH THE RULES  AND

FORMULAS AS PRESENTED TO FlG. 1

YOU IN THIS LESSON WiLL An Auditorium Eguipped Wrth
BE OF GREAT HELP IN THE Arn  Amplifiying Systemn.

ACOUSTIC TREATMENT OF
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MALLS, AUDITOR|UMS,
EXPERIMENT MUST ALSO FREQUENTLY BE RE
INSTALLATION WORK, IN ORDER TO BRING

ETC.y YET YOU SHOULD BEAR IN MIND THAT

CONS | DERABLE

SORTED TO DURING THE PROGRESS OF THE
ABOUT THE DESIRED RESULTS,

REVERBERAT | ON

No oouer,
IN SOUNDS WHEN HEARD IN AN EMPTY ROOM
NATURE OF SOUNDS WHEN PRODUCED IN TME
HAS BEEN FULLY FURNISHED OR WHEN

Souno, vou wyLL RECALL,
WE GENERALLY CALL THEM,
STRIKE BARE WALLS OR MAR

CONSI38TS8

D SURFACES,

A CROWD OF PEOPLE
OF THE ACOUST|CAL CONDITIONS WITH WHICH THE SOUND E

YOU HAVE ALREADY EXPER|ENCED THE DIFFERENCE WHICH EX|STS

OR AUDITOR|IUM AS COMPARED TO
SAME ROOM OR AUD|TOR|UM AFTER

THE
IT
IS PRESENT. THIS 18 ONE

NGINEER MUST DEAL,

OF VISRATIONS OF AIR OR "waves",ag

AND THEY ARE REFLECTED READILY WHENEVER THEY
IN Fig,.
PLE DIAGRAM WHICH ILLUSTRATES THE DIFFERENT

2y, FOR INSTANCE,WE HAVE A sSIM
PATH8 WHICH SOUND WAVES MAY

FOLLOW FROM THE TIME THEY LEAVE THEIR SOURCE UNTIL THEY REACH THE EARS OF
THE LISTENERS,

Side Wall #1 Consioer Fia,

e o~ 1 2 AS REPRESENTING A

coN \io«. HALL, SUCH ASA DANCE

‘_6}/ X\ . HALL OR  GYMNAS IUM

= . J N s Jl= [ AND WHERE TWE waLLs,
S | Listener p ~ \ +9Q N FLOOR, AND CE|LINGARE
3 g “A" ﬂgw 3 ALL BARE AND MADEOF *
- hl:-’— S -~ ‘9‘ ~ ™ 5 | RetaTiveLy naroFine

T TR TN e m -~ — ~ i mn A

) w E v ISHED MATERIAL.ALBO
i A\ K o VISUALIZE THIS HALL
C2 /0 AS BEING BMPTY OF

N y 4 ALL FURNISHINGS AND

L—— DA THAT THE SOURCE OF
Side Wall %2 SOUND AND ONE L|ST=

ENER OR OBSERVER
Flag., 2 ARE THE ONLYOBJECTS
Typical Paths Which Sowrnd Waves PRESENT,

May Travel

"A" N Fige 2, wHicH REPRESENTS THE MO
MAY TRAVEL FROM THE SOURCE TO THE LjsT
- SOUND PATH WHICH WE CAN HAVE AND Wi LL

THE SOUND AT THE EARS OF THE LISTENER,

n a Poorrr,

FIRsT LET wus

CONSIDER THE PATH
ST DIRECT ROUTE BY WH|CH SOUNDWAVES
ENERs THIS Ig THE MOST DESIRABLE

RESULT [N A FA1THFUL REPRODUGTIONOF
HOWEVER, WHEN THE LISTENER 1§ LOCA=

TED AT AN APPRECIABLE DJ)STANCE FROM THE
OF SOUND ENERGQY WILL REACH HIM BY WAY OF

SOURCE OF THE SOUND,LARGE AMOUNTS
THE REFLECTED PATHS. ONE OF THESE

PATHS, FOR EXAMPLE, |S MARKED ag "B"
TRAVELS TOWARDS s10E WALL #| AND FRoOM
LISTENER, WE HAVE A sIMLAR CONDITJON
ROUTE "C®, STRIKE sipE waLL #2 AND ARE

ANOTHER POSS §BLE PATH
18 STARTED TOWARDS THE REAR
REFLECTED TOWARDS THE OBSERV

IS OFFERED
OF THE sou
ER, WHILE

IN F13. 2 AND IN THIS CASE THE SOUND
WHICH IT IS REFLECTED TOWARDS THE
WHERE THE SOUND WAVES TRAVEL THE
THEN REFLECTED TOWARDS THE L |STENER,

By ROUTE "E", wHERE A sounD  wave
RCE, STRIKES THE REAR WALL, AND |8
SOME OF IT EVEN PASSES THE LISTENER,

8TRIKES THE FRONT WALL aND
ACTUALLY HEARS THE SOUND Co
PATHS WHICH THE SOUND WAVES

MING FROM BEMIND. THESE ARE JUST SOME OF

1§ AGAIN REFLECTED TOWARDS HIM SO THAT

MAY TRAVEL N A ROCM OF THE TYPE DESCRIBED,

HE

THE
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YET AGTUALLY ANY NUMBER OF ADDITIONAL PATHS MAY ALSO BE OFFERED SUCH AS
FLOOR REFLECT!IONS, CEiLING REFLECTIONS AND VARIED REFLECTIONS FROM ALL
POSS IBLE ANGLES.

As YOU WiLL NO DOUBT NOW AGREE, A COMPLEX CONDITION EXISTS AND THE
LISTENER IS LITERALLY "SWARMED' WITH A MULTJTUDE OF SOUNC WAVES STRIKING
H1S EARS FROM ALL DIRECTIONS. SINCE SOUND WAVES TRAVEL THROUGH AJR AT A
DEFINITE sPeep (aPPROXIMATELY |100 FT. PER SECOND) IT STANDS TO REASON
THAT WHEN A GIVEN SOUND IS PRODUCED, CORRESPONDING WAVES WILL REACH  THE
LISTENER AT DEFINITE INTERVALS OVER A PERIOD OF TIME, DEPENDING UPON THE
DISTANCE EacH OF THE MANY REFLECTED WAVES TRAVEL FROM THE SOURCE UNTIL
THEY REACH THE EARS OF THE LISTENERe THIS RESULTS IN A CONDITION WHERE THE
sounDp PERSISTS FOR SOME TIME AFTER IT HAS BEEN PRODUCED RATHER THAN TODIE
DOWN OR DISAPPEAR IMMEDIATELY AFTER THE SOUND 18 STOPPED AT THE SOURCE.
TH1S TENDENCY FOR THE SOUND TO PERSIST OVER A DEFINITE PERIOD OF TIME AF=-

TER IT HAS SBEEN PRODUCED ORIGINALLY AND STOPPED AT THE SOURCE S KNOWN AS
REVERBERATICN,

VARIOUS EFFECTS OF REFLECT IONS UPON OBSERVED SOUND

NOT ONLY WiLL THE REFLECTION OF SOUND WAVES PRODUCE REVERBERAT JON
BUT IN ADDITION, SEVERAL OTHER PRINCIPAL EFFECTS WILL RESULT FROM THIS CON
DITION. FOR EXAMPLE, THE AVERAGE INTENSITY OF THE SOUND A8 HEARD BY THE
LISTENER WILL BE INCREASED BINCE THE SOUND ORIGINALLY RADIATED IN OTHER
DIRECTIONS 1S REFLECTED BACK TO THE LISTENER. ANOTHER INTERESTING FACT I8
THAT SELECTIVE ABSORPTION OF CERTAIN REFLECTING SURFACES TEND TO REFLECT
LOW FREQUENCIES MORE THAN THE HIGHER FREQUENCIES AND THIS WILL ALTER THE
RELATIVE AMPLITUDES OF THE DIFFERENT FREQUENCY COMPONENTS OF THE SOUND.

SOUND REFLECTIONS AS JUST DESCRIBED WiLL ALSO ALTER THE RELATIVEAMP
LITUDE OF THE DIFFERENT FREQUENCY COMPONENTS OF THE'SOUND DUE TO THE IN=
TERFERENCE EFFECTS WHJCH RESULT FROM THE FACT THAT THE PHABE WITH WHICH
THE ENERGY TRAVELING ALONG THE DIFFERENT POSSIBLE PATHS COMBINES AND DE=
PENDS UPON THE FREQUENCY OF THE SOUND AND THE POSITION OF THE LISTENER.

REVERBERATION TIME

THE NUMBER OF SECONDS, OR FRACTION OF A SECOND, WHICH 1S REQUIREDFOR
THE SOUND TO DIE OUT AFTER THE SOURCE OF SOUND CEASES 18 KNOWN AS THE RE=
VERBERATION TIME AND 1S MEASURED IN SECONDSe THE FORMULA FOR CALCULATING
THE REVERBERAT JON TIME 18 T= 405V § WHERE T—=THE REVERBERATION TIME IN
A
SECONDS; V= THE VOLUME OF THE ROOM OR AUDITORIUM; A =THE TOTAL UNITS OF
ABSORPTION IN THE ROOM OR AUDITORIUM AND THE VALUE .05 18 A CONSTANT,

THE VALUE V TO USE FOR ANY GIVEN PROBLEM IS DETERMINED BY MULTIPLY=
ING TOGETHER THE LENGTH OF THE ROOM OR HALL 8Y ITS WIDTH AND_THEN MULT =
PLYING THIS VALVUE BY T8 HEIGHT,, IF A BALCONY I8 EMPLOYED IN THE ROOM IN
QUESTION, THEN THE AVERAGé HEJGHT I8 USED, DEDUCTIONS BEING MADE FOR THE
FLOOR SPACE EXISTING BETWEEN ORCHESTRA AND BALCONY AND EBETWEEN BALTONIES.

THE TOTAL UNITS OF ABSORPTION OR "A" OF THE FORMULA 1S DETERMINED
BY FIRST MEASURING THE SQUARE FOOTAGE OF EVERY TYPE OF MATERIAL USED IN
THE SURFACE CONSTRUCTION OF THE ROOM AND MULTIPLYING IT BY ITSCOEFFICIENT
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OF ABSORPTION., THE VARIOUS PRODUCTS THUS OBTAINED FOR THE TOTAL ABSORP=
TION OF EACH TYPE OF SURFACE ARE THEN ADDED TOGETHER TO OBTAIN THE TOTAL
ABSORPTION OF ALL OF THE VARIOUS TYPES OF SURFACES TOGETHERe THIS THEN,
witL BE THE ACTUAL ABSORPTION OF THE ENTIRE ROOM AND 1S TO BE USED FOR
THE vaLUE "A" |N OUR FORMULA FOR CALCULATING THE REVERBERATION TIME,

THE COEFF-
1CIENTS OF BOUND
ABSORPTION HAVE
BEEN DETERMINED
FOR PRACTICALLY
ALL MATERIALS AND
YOU ARE GIVEN A
LIST OF THEM IN
TABLE I, IN THIS
TABLE EACHSQUARE
FOOT OF THE MaA=
TERIAL DES | GNATED
‘1S RATED BY COM~
PAR[ISON WITH ONE
SQUARE FOOT  OF
OPEN WINDOW SPACE,
WHICH IS ACCEPTED
As 100% ABsORP=
TIVE AND THERE=-
FORE HAS A  CO=
EFFICIENT OF UN=
1TYe

CALCULAT IONS

To 1LLUS=

TRATE THE ACTUAL
APPLICATION OF

THE REVERBERAT ION
TIME FORMULA,

LET US WORK OUT

A SPECIFIC PROB=

LEM,o

In F1. 4
WE HAVE A ToP
AND SIDE VIEW OF
: AN AUDITORIUM
=N G'.3 ‘WHOSE ACOUSTIC
CONDITIONS ARETO

A Dining Roorm With Sound Installation— e anaLizep. THe

Loud Speakers are Corncealed LENGTH OF  THIS
Behind Grill in Ceiling. AUDITORIUM I8 T5
FEET AND 178

WIDTH I8 55 FEET. THE AVERAGE HEIGHT 1S 30 FTe THE TOTAL VOLUME OF THIS
AUDITORIUM WILL THEN BE EQUAL TO 75 x 55 x 30 =123,750 cusiCc FEET,

THE FLOOR SPACE WILL BE EQUAL TO APPROXIMATELY 75' x 55'e=4125 sq.
FEET, OF THIS TOTAL FLOOR SPACE,LET Us 8UPPOSE THAT 1000 SQUARE FEET
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18 UTILIZED FOR AJSLES WHJCH LEAV= TABLE 1

E8, 4125 minus 1000 or aBour 3125

S8QUARE FZET OF ACTUAL FLOOR SPACE COEFFICIENTS OF ABSORPTION

TO ACCOMMODATE SEATS. UniTts PeER
MATERJAL

8quare Foor

THE FLOOR SPACE FOR SEATE IN I 0o winoow PP B,
THIS PARTICULAR AUDITORIUM IS MADE | B\ agrER vuverninennnne. 4025 TO O34
OF UNFINISHED WOOD WHICH ACCORD= L BONGRETE ouvvvevevenss. 2015
ING To TABLE | HAB A COEFFICIENT | Boick seT 1N PORTLAND
OF ABSORPTION OF 0.061.THEREFORE, CEMENT eivcenecenees 4025
U= VERSS CCERRAIET GOl THIS I MARBLE cevvvvvinnacnses 40l
FLOOR SPACE I8 EQUAL To 0.061 x GLASS, 8INGLE THICKNESS 027
3125 =190.6 uNITS OF ABSORPTIONe { W00 SHEATHING evsven.. O8I
HOWEVER, S8INCE SEATS ARE MOUNTED W00D, VARNISHED +veseees ¢03
ABOVE THIS FLOOR SPACE, THEY WILL | CoRu TILE veveeennnoens 403
BE ABOUT 75% EFFECTIVE INCANCELL= LINOLEUM svevccenvessee o03
ING OUT FLOOR ABSORPTION BECAUSE | CARPETS oyievevesveesese o165 TO 029
THEY COVER THE GREATER PORTION OF | Corronune CLOTH veeveees oI5

THE FLOOR. THEREFORE, THE  TOTAL | CyaTains IN HEAVY FOLOS .50 To 1.00
FLOOR ABSORPTION WILL AMOUNT  TO || Hu RFELT 1% (Jowuns-

oNLY ABOUT 254 oF 190.6 ORAPPROX= MANV ILLE) oeevovccees o3l
IMATELY 48 UNITS. HairFeey 1" (JoHng=
MANVILLE) esiiasessess B9
A TOTAL OF 425 SEATS AREPRQ | FLAXLINUM 3% vvieesnnee o34
VIDED IN THIS AUDITORIUM AND THEY | SaginjTE ACOUST(CAL
ARE OF THE PARTLY UPHOLSTERED TYPE PLASTER ecevesscacese o2!
AND AccoRroiNG To TABLE |,seaTs oF | Acousti-CeLoTex, Tyer
TH1S8 TYPE EACH HAVE A COEFFICIENT BB, PAINTED OR UN=
OF ABSORPTION OF |.6. THEREFORE, PAINTED cevovsnseeose 270

THE TOTAL ABSORPTION OF THE S8EATS | AcoysT)~CELOTEX, TYPE
WiLL AMOUNT To 425 x |.62680uNITs. B, PAINTED OR UN~

PAINTED sesesecscecee o47
THE TOTAL AREA OF THE CEIL- | gunacousTic TiLe |

ING AND WALLS FOR THISAUDITOR|UM, ROCK WOOL FILLER eves oT4
WE SHALL ASSUME HAS THROUGH ACT- | NaguxoTe, TYPE A,
VAL MEASUREMENT AND CALCULATION 3/4% THIOK seveseeses o27
BEEN FOUND TO BE EQUAL To 10,000
S8QUARE FEET AND WH{CH IN THEQREATI IND IV IDUAL OBJECTS
ER PARTS CONSISTS OF A PLASTERAND
@LASS SURFACE. From TABLE | WE | AUDIENCE,PER PERSON ... 4.7
SHALL CHOOSE A COEFFICIENT OF AB= | p . n Cu;ch PEWS
S8ORPTION 9F .03 FOR THIS8 SURFACE. LINEAR FTe ccccccvsse ol8
THUS THE TOTAL ABSORPTION FORTHE | U0l oTeRED CHURCH PEWS
WALLS AND CEILING BECOMES +03 x PER LINEAR FTe oo UP TO 1.6
10,000=300 un1Ts. Prain PLywooo auciTorium
1 CHAIRB'EACH esescsscss 024

THE 8TAGE FLOOR MEASURES35' | pony upnoLsTERED cHAIRS 1.6
X 20" AND 80 TS TOTAL AREA  BE= | CoumpLETELY UPHOLSTERED
comes 35°x 20'=700 SQUARE FEET. - CHAIRS seocvocscsccscsss 300

THIS FLOOR 18 MADE OF VARNISHED
WOOD WHICH ACCORDING TO TABLE | HAS A COEFFICIENT OF ABSORPTION OF .03
AND SO THE TOTAL ABSORPTION OF THE FLOOR I8 700 X .03=2| uUNITS.

As You wiLL ReCALL, |000 SQUARE FEET OF THIS AUDITORIUM'S TOTAL
FLQOR SPACE 18 ALLOTED TO AISLES AND WHICH ARE COVERED WiTH CARPET  AND
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WHICH HAS A COEFFICIENT OF ABSORPTION OF (25, THE TOTAL ABSORPTION OF THE
CARPET=COVERED AREA THUS AMOUNTS TOo 1000 X .25 =250 unITS,

WE HAVE NOW ACCOUNTED FOR THE ABSORPTION OF EACH TYPE OF EFFECTIVE
SURFACE EMPLOYED IN THIS AUDITORIUMs OUR NEXT STEP THEN, 18 TO ADD TO=
GETHER ALL OF THESE VARICUS UNITS, THUS WE HAVE!

Wooo FLOOR —~= 48 UNITS
SEATS -— 680 uNITS
CEILING AND WALLS -=r 300 uNITS
STAGE FLOOR 21 uNniITSs
CARPET FLOOR === 250 unNiTs

TOTAL ~mew—cwcca— 1299 unITS

OUR TOTAL UNITS
I.,___L_.__ I5 ¥ OF ABSORPTION OR "AN
! THUs BecoMEs |299uNITS,

| —_—— -
—/, SUBSTITUTING THE

VALUES NOW AVA |LABLE IN
OUR FORMULA T_ ,05V,we
A

MAvE To 405 x 123,750
1299

€187.8 - 4,76 seconps.
1299

\ THis BRINGS us

Stage

- - UP TO THE POINT WHERE
WE MUST TAKE INTO ACO=~
OUNT THE OPT IMUM REVER=
BERATION TIME FOR -ANY

TYPE OF INSTALLATION,
IN OTHER WORDS,WE MUST

o Side View HAVE S8OME SYSTEMWHERE=
Y | 30’ Average BY WE CAN ASCERTAIN
,S Height WHAT ‘l\’HE REVERBERAT ION
v I SHOULD BE FOR ANY IN=

STALLATION 80 THAT THE

] ' ACOUSTIC CONDITIONS
' WiLL BE BATISFACTORY
FROM THIS S8TANDPOINT.
In TABLE |1 vou ARE
GIVEN A LIST WHICHSPEC
IFIES THE OPT IMUM PER=
1008 OF REVERBERAT)ION

FOR ENCLOSURES OF VAR=

. Fla. 4
Working Plan of Auditorium,

10U8 VOLUMES,

By RefFerrING TO TaBLE || AND COMPARING THE REVERBERATION TIME OF
4,76 SECONDS WHICH WE HAVE CALCULATED FOR OUR SAMPLE PROBLEM WITH THEVAL
UES GIVEN IN TAaBLE |1, WE FIND THAT THE OPTIMUM PERIOD OF REVERBERAT ION
FOR OUR AUDITORjuMm OF [23,750 cuBiC FEET VOLUME SHOULD BE APPROX IMATELY
le4 seEcoNDs, WE THUS NOTE THAT OUR CALCULATED VALUE OF 4,76 seEconDs 18
RATHER HIGH FOR OPTIMUM CONDIT|ONS BUT WE MUST BEAR IN MIND THAT OURCAL=
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CULAT JONS WERE BASED ON THE FACT THAT NO AUDIENCE IS PRESENT AND WHICh
OF COURSE 1S NOT A NORMAL CONDITION WHEN THE AUDITORIUM 18 (N USE,

SINCE THE S8EATING CAPACITY OF THE AUDITORIUM BEING CONSIDERED I8
425 PERSONS AND THE COEFFICIENT OF ABSORPTION PER PERBON IS 4.7 ACCORDING
To TABLE |, THEN THE TOTAL ABSORPT|ON AS OFFERED BY THE AUDIENCE AMOUNTS
T0 425 x 4,7=1998 UNITS APPROXIMATELY, HOWEVER, THIS WiLL SERVE TG JUST
ABOUT CANCEL OUT THE ABSORPTIVE EFFECTS OF AN EQUAL NUMBER OF SEATS.
SINCE, THE SEATS SUPPLIED 680 UNITS OF ABSORPTION,WE CAN FIND THE REVER-

BERATION WJTH A FULL AUDIENCE IN THE FOLLOWING MANNER! T— .05 x 23,750
1299 +( 1998-680)
6187,5  -6187,5

= 2,4
l299-+l3!8 2617 2.4 secoNDS. NOTICE THAT WITH A FULL AUDIENCE, THE

REVERBERAT ION TIME APPROACHES THE
OPTIMUM VALUE MUCH MORE CLOSELY TABLE 11
THAN WHEN NO AUDIENCE I8 PRESENT, | OPTIMUM PERIODS OF REVERBERATION
Seconos
IN PRACTICE, IT 18 NOT AD~ |IBeiow 7,000 cusic FEET 1.0
VISABLE TO ASSUME THE  AUDIENCE 7,000 ToO 20, 000 1ol
A8 FILLING THE AUDITORIUM TO IT8 20,000 To 45,000 1.2
FULLEST CAPACITY. IT 18 A BETTER 45,000 To 85, 00C 1.3
POLICY TO CONBIDER THEATTENDANCE 85,000 To 145,000 1.4
AS BEING AN "AVERAGE vALUE", OR 145.000 To 295000 1.5
APPROXIMATELY 2/3 ofF THE AUDIT= |oo5'000 1o 330000 1.6
ORIUM'S SEATING CAPACITYs THEN 330:000 10 465:000 1.7
IF THE ACOUSTIC CONDITIONS oF 630,000 To 835, 000 1.9
THE AUDITORIUM ARE ARRANGED 7O | gag 000 1o |, 100,000 2.0
BE SATISBFACTORY FOR THIS ATTEND=

ANCE, THEY WILL ALSO BE CORRECT FOR FULL ATTENDANCE.

FOR INSTANCE, WITH 2/3 ATTENDANCE, THE TOTAL PERSONS [N THE AUDI|IT=
ORIUM WiLL BE 2/3 OF 425 OR APPROXIMATELY 283 PERSONS. THIS AMOUNT oF
PERSONS WILL ACCOUNT FOR AN ABSORPTION OF 283 x 4.7 =1330 uNiTS AND
SINCE |42 SEATS ARE EMPTY, THEY WILL STILL HAVE THEIR ABSORPTION EFFECT.
THEREFORE, THE EMPTY BEATS WILL PROVIDE AN ABSORPT|ON OF 142 x |.6=x227
UN{ITSe

THE TOTAL ABSORPTION OF THE AUDITORIUM WHEN 2/3 OF THE CAPACITYAUR
1ENCE 12 PRESENT,THEN BECOMES!?

Wooo FLOOR ——— 48 uNITS
SeaTs - ——— 227 UNITS
CeiLing anp WaLLs - 300 uN1Ts
STAGE FLOOR ——————— ammmemee 2| UNITS
CarPET 25C UNITS
PERSONS w=——ccececaa—— e - 133C UN|TS

TOTAL =—=——-c=we 2|TE UNITS

SuBSTITUTING TH|S VALUE IN OUR REVERBERATION TIME FORMULA,WE HAVE?

T-205 x 123,750 . 8187,5 —2.8 seconDs
2176 2176

Now THEN, UPON COMPARING OUR FINAL CALCULATED REVERBERATION TIME
VALUE OF 2.8 SECONDS WITH THE OPTIMUM VALUE OF |.4 SECONDS ALLOWABLE FOR




PAGE 8 AMPL . SYSTEMS

THE INSTALLATION,WE NOTE THAT OUR CALCULATED VALUE IS 2.8 MiNUS .4 OR
1.4 SECONDS TOO HIGH.

By THUS KNOWING THAT OUR REVERBERATION TIME FOR THE AUDITORIUM I8
le4 SECONDS IN EXCES8S TO WHAT |T SHOULD BE, WE CAN FIND TNE ADDITIONAL
UNITS OF ABSORPTION NECESSARY TO CORRECT THE CONDITION BY APPLYING THE
FORMULA T_ ,00V  IN THE TRANSPOSED FORM A_,08V anD THus "T" N THIS

T
INSTANCE BECOMES |.4 seconos anD "V" remaIns as 123,750 cusic FEET.

SuBSTITUTING THESE VALUES IN THE FORMULA A ,05! s WE HAVE

=05 x 123,750 515_‘5 4419 uNniITS (APPROXIMATELY) IN OTHER  WORDS,
lo4 l.4

4419 ADDITIONAL UNITS OF ABSORPTJON ARE NECESSARY {N ORDER TO REDUCE THE
REVERBERAT fON
TIME OF THE AUD=-
§ TORIUM FROM |TS
PRESENT VALUE OF
2.8 SECONDS TO
THE OPTIMUM VAL~
UE OF |.48ECONDS,

Our  NEXT
STEP 18 TOSELECT
SOME STANDARD
MATERJALSUJTABLE
FOR ACOUST ICTREA
TMENT AND WHOSE
COEFFICIENT OF

ABSORPT | ON 1s
- KNOWN,
Fla.§5
An Installation of Speakers to Pro- For  THiS
vide FPrograrms orn the Beach. PART{CULAR AUD-

1 TORIUM, HEAVY CUR
TAINS ARRANGED [N FOLDS WOULD SUPPLY THE DESIRED ABSORPT {ON EFFECT WH|LE
AT THE SAME TIME SERVING AS AN ATTRACTIVE INTERIOR DECORATION FOR THE
ROOM. By REFERRING To TABLE |, WE NOTE THAT CURTAINS ARRANGED IN  HEAVY
FOLDS HAVE A COEFF|CIENT OF ABSORPTION ANYWHERE FROM ABOUT .50 To 1,00,
LET Us ABSUME THAT WE CHOSE A TYPE OF CURTAIN WHOSE COEFFICIENT OF ABSORP
Tion 18 0.75. Using THIS MATERIAL,WE WOULD NEED 4419 -5~ .75 = 5892 sQuARE
FEET OF IT IN ORDER TO SUPPLY THE NECESSARY ADDITIONAL 4419 UNIT8 OF AB=
SORPTION,

THIS MATER{AL SHOULD BE PLACED ON THE S8]DE AND REAR WALLS PART{C~
ULARLY AND AT THE FRONT OF THE CEILINGes THE STAGE WALLS SHOULD ALSO BE
DRAPED TO ELIMINATE THE REVERBERAT |ON AT THOSE POINTS WH[ICH WOULDREFLECT
BACK TO THE MICROPHONE AND CREATE EFFECTS OF BOOMINESS,

A QUICK CHECK OF REVERBERATION TIME

A QUICKER METHOD OF CHECKING THE REVERBERATION T{IME THAN THE PRO=-
CEDURE JUST OUTLINED IS TO STATION ONESELF AT S8OME POINT IN THE  AUDIT=
ORIUM BLOWING A WHISTLE HAVING A 512 CYCLE NOTE. THIS WHISTLE S8HOULD BE
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BLOWN AT AVERAGE INTENSITY FOR A PERIOD ABOUT AS LONG AS REQUIRED TOFILL

THE AUDITORIUM WITH SOUND. As SOON AS THE AUDITORIUM IS FILLED WITH
SOUND, STOP BLOWING THE WH|STLE AND WITH A STOP. WATCH MEASURE THE TIME
ELAPSED FROM THE INSTANT YOU STOP BLOWING THE WH)STLE UNTIL THE SOUND

DIES OUT COMPLETELY.

TH)IS TEST SHOULD BE REPEATED AT LEAST THREE TIMES AT ANY ONE LOCA-
TION AND THE SAME PROCEDURE SHOULD B& CARRIED OUT AT VARIDUS DIFFERENT
PLACES IN THE AUDITORIUM, ESPECIALLY UNDERNEATH BALCONIES,ON THE B8TAGE,
IN RECESSES ALONG THE WALLS AND AT THE CENTER OF THE AUDITORIUM,

A RECORD SHOULD BE MADE FOR EACH "TIME PERIOD" AS OBTAINED WITH
THIS TEST AND WHEN ALL OF THESE TIME MEASUREMENTS HAVE BEEN MADE,  THEY
SHOULD ALL BE ADDED TOGETHER AND THIS TOTAL DIVIDED BY THE NUMBER oF
TESTS MADE. IN THIS MANNER, THE MAVERAGE TIME PERIOD OF REVERBERATION"I3
OBTAINED,

THis vALUE
CAN THEN BE SUB=
TRACTED FROM THE
OPT IMUM REVERBER~
ATION PERIOD AS
SPECIFIED IN
TABLE || anOTHIS
REMA INDERSUBST |=
TUTED FOR THE
VALUE "T¥ N THE
FORMULA A — 205V

T

IN ORDER TO DE=
TERMINE THE NUM=
BER OF ABSORPT |ON
UN1TS NEEDED,

THEDES IRED . FlGa. o .
MATERIAL CANTHEN Conducting Test During a
BE SELECTED WITH Sound /nsta//al‘ion.,

WHICH TO "treaT"

THE WALLS ETC.AND BY DIVIDING THE TOTAL NUMBER OF ABSORPTION UNITSNEEDED
BY THE COEFFICIENT OF ABSORPT)ON OF THE MATERI|IAL TO BE USED,THE TOTAL A=
MOUNT OF TH)S MATERIJIAL REQUIRED CAN BE ASCERTAINED.

TH1S MATERJIAL CAN THEN BE DISTRIBUTED THROUGHOUT THE AVAILABLE SUR
FACES OF THE AUDITOR|UM., THE REAR WALLS SHOULD BE TREATED IN PREFERENCE
TO ALL OTHERS, AND THEN IN ORDER, BALCONY LEDGES, THE FRONT AND CENTERSEG
TIONS OF THE SIDE WALLS,STAGE AND FRONT SECTION OF CEILING.

DIRECTIONAL TYPE HORNS, SUCH AS DESCRI3ED IN THE PREVIOUS LESSON,

CAN BE USED TO ADVANTAGE IN KEEPING THE SOUND WAVES FROM STRIKING SURFACES
WH{CH TEND TO REFLECT THEM RATHER READILY AND IN THIS MARNNER REDUCE REV=
ERBERAT 10N,

MATERIALS FOR ACOUSTIC TREATMENT

THE ACOUSTIC PROPERTIES OF BUILDINGS BEING CONSTRUCTED ARE MOST
SATISFACTORILY CONTROLLED B8Y THE USE OF POROUS TILES AND PLASTERS, WHILE
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DRAPES, RUGS, AND FELT ARE USED PRIMARILY FOR CORRECTIVE PURPOSES INSTRUC=
TURES ALREADY BUJLT AND WHERE ACOUSTIC CORRECTIONS ARE TO BE MADE,ORWHERE
1T 1S DESIRED TO VARY THE ACOUSTIC PROPERTIES FROM TIME TO TIME,

INSTALLATION OF SPEAKERS

IN ADDITION TO THE ACOUSTIC CONDITION OF THE AUDITORIUM OR HALL BE=
ING SATISFACTORY, IT IS5 ALSO IMPORTANT THAT THE PLACEMENT OF THE SPEAKERS
8E CORRECT. FOR INSTANCE, WHERE HORN TYPE SPEAKERS ARE USED, THEJIRLOCATJON
AND ANGLES MUST BE SUCH THAT MAXIMUM DISTRIBUTION OF THE SOUND WILL 8E 08
TAINED,

To Amplifier

2, IN Fi1G6.7,
FOR EXAMPLE, YOU
WILL SEE HOW
TWO SPEAKERS
FLJOOD THE AUD=-
_1TORIUM OF A
THEATER WITH
SOUND.NOTICE IN
THIS ILLUSTRA=
TION THAT IF
sPEAKER "AM" were
usep ALONE, THEN
THE PEOPLE OCC=
UPY ING THOSE
SEATS  BETWEEN
ZLEs THE STAGE  AND

The Effect of Proper Speaker Locations POINT "C" wouLd

In a TheateroaAud/torium. NOT BE  SERVED

PROPERLY BY HORN

"A", FURTHERMORE, THIS SAME MORN WOULD NOT DELJVER SUFFICIENT SDUNDTO THOSE

PERSONS SEATED ON THE MAIN FLOOR BELOW THE BALCONY. SO YOU SEE,THIS SPEAK=
ER IN JITSELF DOES NOT TAKE CARE OF THE ENTIRE AUDITORIUM.

By INSTALLING THE ADDITIONAL SPEAKER "B" AND BY SETTING IT AT  THE
PROPER ANGLE, ITS SOUND WAVES CAN BE MADE TO SPREAD OUTWARD TO THOSESEATS
BELOW THE BALCONY,AS WELL AS TO THOSE SEATS BETWEEN POINT "C"AND THESTAGE.
THE TWO SPEAKERS TOGETHER THEN, ARE ABLE TO FLOOD THE AUDITORIUMWITH SOUND,
AS FAR AS HEIGHT AND THE D{STANCE TOWARD THE REAR OF THE AUDITORIUM  ARE
CONCERNED,

IN THE PREVIOUS LESSON ON SOUND AMPLIFIERS,y YOU LEARNED THAT SOME
S8PEAKER HORNS ARE FLARED SO AS TO DIRECT THE SOUND WAVES UPWARD AND DOWN=-
WARD AS THEY TRAVEL OUTWARDS FROM THE SPEAKER,WHEREAS OTHERS ARE FLARED IN
SUCH A MANNER THAT THEY TEND TO éPREAD THE SOUND WAVES OUT TOWARD THE S~
DES AND TO KEEP THEM AWAY FROM THE CEILINGe. EACH OF THESE HAVE THEIR [N~
OIVIDUAL ADVANTAGES, DEPENDING UPON THE ACOUSTIC PROPERTIES OF THE ROOM (N
WHICH THEY ARE INSTALLED.

ALWAYS BEAR IN MIND THAT WHEN HORN SPEAKERS ARE USED, THEY MUST BE
CHOSEN W{TH THE PROPER FLARE FOR INDOOR WORK AND SO DIRECTED THAT THE MIN
1MUM OF SOUND REACHES REAR OR SIDE WALLS THAT ARE NOT TREATED TO PREVENT
REFLECTION OF SOUND WAVES.YOU WILL ALSO FIND IN PRACTICE THAT THE MOST
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SUITABLE LOCATION AND ANGULAR POSITION OF THE SPEAKERS |8 GENERALLY ODE=
TERMINED FROM THE RESULTS OF A SERJES OF SYSTEMATIC TESTS, IN WHICH THE
SPEAKERS HAVE BEEN TEMPORARILY SET UP AT THE MOST ADVANTAGEOUS POINTS UY
TIL THE BEST POSITION S FOUND.

T 18N'T ADVISABLE TO USE A GREATER NUMBER OF SPEAKERS THAN ABSOL~
UTELY NECESSARY IN ORDER TO PROVIDE SOUND DISTRIBUTION SINCE THE GREATER
THE NUMBER OF SPEAKERS USED, THE MORE COMPLEX WILL BE THE SYSTEM NOT ONe=
LY FROM THE STANDPOINT OF WIRING BUT ALSO FROM THE STANDPOINT OF PREVENT
ING THE SOUND WAVES FROM THE DIFFERENT UNITS CONFLICTING WITH EACHOTHER.
OVER=DISTRIBUTION WILL ALSO OVER=EMPHAS | ZE ANY POOR ACOUSTICS, Too FEW
SPEAKERS, ON THE OTHER HAND, WILL RESULT IN INSUFFICIENT DISTRIEUT JON OF
THE SOUND SO THAT THE VOLUME THROUGHOUT THE AUDITORJUM MAY BE UNEVEN AND
DEAD SPOTS MIGHT EXIST WHERE THE VOLUME OF SOUND MAY BE ABNORMALLY LOW,

PHASING SPEAKERS

WHEN MORE THAN ONE SPEAKER IS USED, THE PHASING OF ALL OF THE UNITS

MUST BE UNIFORM,THAT 1S, THE POLARITIES OF THE FIELDS AND VOICE COILS oF
ALL THE SPEAKERS MUST BE SUCH THAT THE DIAPHRAGMS OF ALL OF THE SPEAKERS
MOVE INWARDS AND OUTWARDS TOGETHER. IN OTHER WORDS,THEY MUST ALL MOVE
OUTWARD AT THE SAME INSTANT AND ALL MOVE INWARD AT THE SAME INSTANTe
SHOULD THE POLARITY OF ONE UNIT BE REVERSED SO THAT THE DIAPHRAGM OF ONE
GPEAKER MOVES INWARD WHILE THAT OF THE OTHER MOVES OUTWARD, THEN THE AIR
WILL BE COMPRESSED AROUND ONE SPEAKER WHILE THE AIR AROUND THE OTHER
SPEAKER 18 RAREFIED AND THIS WOULD RESULT IN A GOOD DEAL OF THE §OUND
BEING BALANCED OUT BEFORE IT 1S PROJECTED VERY FAR. IN ADDITION,SUCH A
CONDITION WjLL BRING ABOUT THE LOSS OF SOME FREQUENCIES AND THIS WILLPRO
DUCE DIS8TORTIONe

SOME CONE UN|TS HAVE THE VOICE COIL POLARITIES MARKED, THE POSITIVE
S1DE BEING PAINTED RED AND THE NEGATIVE SIDE BLACK. THEREFORE WHEN CONN=
ECTING ALL THE VOICE COILS IN PARALLEL, ALL OF THE RED TERMINALS ARE CONN=
ECTED TOGETHER AND ALL OF THE BLACK TERMINALS ARE CONNECTED TOQETHER.
SHOULD A SERJES CONNECT|ON BE USED, THEN CONNECT RED TO BLACK ETCe THE
FIELO TERMINALS ARE ALSO MARKED PLUS AND MINUS AND 80 THE PLUS TERMINALS
OF ALL THE FlELD COILS
SHOULC BE CONNECTED TO
THE PLUS SIDE OF THE
FIELD SUPPLY AND ALL OF
THE NEGATIVE FlELD COIL
TERMINALS TO THE NEGA=
TIVE SIDE OF THE FIELD
SUPPLYe REVERSINGEITHER
THE FRELD COIL OR VOICE
COIL CONNECTIONS OF ONE
OF THE SPEAKERS WILL

Power Strage

[

|
1
Qoo L

b3
:b
Q Make & Break Conneckion THROW THAT UNIT OUT OF
. Here PHASE WITH THE OTHERS.
Output ko Line
B8+ Transf _
WHEN WORK ING WITH
F1a. & A SPEAKER CIRCUIT OFTHE
F
A -5;bea.éer Phase Test TYPE JLLUSTRATED IN FlG.

8, A QUICK METHOD oF
CHECK ING THE PHAS|NG OF THE SPEAKERS 1S TO TURN ON THE FIELD SUPPLY FOR
ALL THE SPEAKERS AND THEN MOMENTARILLY CONNECT A 4% vort "C" BATTERY A-
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CROSS THE SECONDARY TERMINALS OF THE OUTPUT TO LINE TRANSFORMER,

As THis "C" BATTERY CONNECTION 1S MADE BY ONE PERSON, ANOTHER SHOULD
FEEL THE DIAPHRAGM OF EACH SPEAKER IN TURN AND NOTE IN WHICH D|RECTION THE
DIAPHRAGM MOVES AS THE "C"™ BATTERY CONNECTION 1S COMPLETED. THE D | APHRAGMS
OF ALL THE SPEAKERS SHOULD MOVE IN THE SAME DJRECTION AS THIS TEST I8
MADE AND WHENEVER ONE OF THEM MOVES IN A REVERSE DIRECTION TO THAT OF THE
OTHERS, EITHER ITS VOICE COIL CONNECTIONS OR FIELD COlL CONNECTIONS S8HOULD
BE REVERSED, WHICHEVER |S MOST CONVENIENT, IT S IMPORTANT THAT THE "C"
BATTERY CONNECTION BE COMPLETED FOR ONLY AN INSTANT AS EACH SPEAKER  |S
TESTED AND THE BATTERY CONNECTIONS SHOULD AT NO TIME BE REVERSED AS THE
TEST 1S IN PROGRESS,

IT 1s ALSO OF uTMmOST IMPORTANCE THAT THE MICROPHONE BE SO PLACED AS
TO BE PROTECTED AGAINST ANY OF THE SPEAKER SOUND WAVES FROM ACTING UPON
THE DIAPHRAGM OF THE M|CROPHONE, SHOULD THIS OCCUR, THEN WE HAVE A COND|=
TION KNOWN AS "FEED—BACK" AND IT WILL CAUSE AN ANNOYING HOWLING SOUND TC
BE EMITTED BY THE SPEAKER

,

M W anminaiion Questions
LESSON. NO. A.S.4

= WHAT DO YOU UNDERSTAND TO BE THE MEANING oF ACOUST |CS?

2. = WHAT 1s REVERBERAT |ON?
3e = WHAT 15 MEANT By REVERBERATI|ON TIME?

4, = ExpLaIN IN DETAIL HOW THE REVERBERATJON TIME OF AN AUD=w
ITORJUM MAY BE DETERMINED BY CALCULATION,

5. « WHAT 00 WE MEAN BY THE COEFFICIENT OF ABSORPTION OF A
MATERIALT

B¢ = |F THE REVERBERATION TIME FOR A HALL OR AUDITORIUM HAS
BEEN DETERMINED, HOW CAN YOU TELL TO WHAT EXTENT ACOUSTIC
TREATMENT OR CORRECTION IS REQUIRED?

Te = WHEN CALCULATING THE REVERBERATION TIME OF AN AUD I TOR UM
ETC. ,WOULD YOU CONSIDER THE ROOM TO BE FILLED T9 CAPACITY
BY PERSONS? STATE THE REASON FOR YOUR ANSWER,

8. = DeEScRrRIBE a QUICK METHOD FOR DETERMING THE REVERBERAT |ON
TIME OF A LARGE ROOM OR HALL,

9 = WHAT MAJOR CONDITIONS SHOULD BE CONS |DERED WITH RESPEGCT
TO THE PLACEMENT OF SPEAKERS AND THE TYPE OF SPEAKER
UNIT AND HORN TO USET?

10e= WHY 18 THE PROPER PHASING OF SPEAKERS |MPORTANT WHEN A
NUMBER OF SPEAKERS ARE USED? EXPLAIN HOW THIS WORK I8
DONE.
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LESSON NO., b
DIRECT - COUPLED AMPLIFIERS

IN ALL OF THE AUDIO AMPLIFER CIRCUITS WHICH YOU HAVE DEALT WITH 80
FAR IN YOUR S8TUDIES THE VARIOUS STAGES WERE COUPLED TOGETHER EITHER THRU
TRANSFORMERS, BY RESISTANCE CAPACITY COUPLING OR THROUGH SOME FORM OF M=
PEDANCE COUPLINGs AT ANY RATE, THERE WAS NO DJRECT CONNECT JON BETWEENTHE
PLATE OF ONE TUBE AND THE CONTROL GRID OF THE FOLLOWING TUBE. THE  ONLY
CONNECTION WHICH THESE TWO ELEMENTS MAD BETWEEN EACHGTHER WAS EJTHERTHRU
MUTUAL INOUCTANCE OR THROUGH THE CAPACITY OFFERED BY A COUPLING CONOEN-
8ERe

IN THiIS LESSON, HOWEVER, YOU ARE GO ING TO BE SHOGWN HOW THE VAR|OUS
STAGES OF AN AF,AMPLIFIER CAN BE CONNECTED TOGETHER WITHOUT EMPLOYING
EITHER OF THESE AND INSTEAD, TO USE A DIRECT CONNECT I1ONsAMPLIFIERS WHICH
EMPLOY THIS LATTER METHOD OF
INTERCONNECT ING'OR COUPLING
THE DIFFERENT STAGES ARE KNOWN
as DIRECT COUPLED: AMPLIF|ERS
AND SOMET IMES THE NAME LOF T [N=
WHITE 18 ABSOCIATED WITH THEM.

CIRCUIT ARRANGEMENT

IN F1Ge2 YOU ARE SHOWN
THE FUNDAMENTAL CIRCUIT DIA—
GRAM OF A TYP|CAL OIRECT COUP—
LED AMPLIFIER IN WHICH A TYPE
=24 TUBE 1S WORKING INTO A
TYPE =45 TUuBE. BY sTUDYING
THIS DJAGRAM CLOSELY, YOU WILL
NOTICE THAT A GROUP OF SERIES
RESISTORES CONS|ISTING OF Rz,
B,, R4s Rg, Rgy AND Rq ARE Fla. 1
CONNECTED IN THE FORM OF A : ,
VOLTAGE DIVIDER ACROSS  THE An Amplifier Employing
"8" supPLY. FOR THE PRESENT,WE Direct- Cau,a//'ng.
SHALL NOT CONSIDER THE VALUES

]
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OF THIS RESISTOR NETWORK AND SIMPLY ASSUME THAT THE VOLTAGES AVA{ILABLEAT
THE OIFFERENT POINTS OF THIS CIRCUIT ARE AS NOTED ON THE DIAGRAM, IN THIS
WAY, THE PREPARATORY EXPLANATION WiLL BE SIMPLIFIED SOMEWHAT BEFORE WE EN
TER INTO THE ACTUAL CALCULATIONS.

THE VOLTAGE |MPRESSED ACROSS THE ENTIRE B+ ano B= circuIT 18 445
VOLTS AND THE PLATE OF THE POWER TUBE (€ CONNECTED THROUGH ITS OUTPUT
TRANSFORMER TO THE 4445 VOLT TERMINAL.

THE ACTUAL PLATE VOLTAGE OF THIS TUBE,HOWEVER, 18 NOT 445 voLTs BE
CAUSE THE CENTER TAP OF |TS FILAMENT SHUNTING RESISTOR IS CONNECTED ToO
THE VOLTAGE DIVIDER AT A POINT CORRESPOND ING TO A POTENTIAL OF +|85vc . Ts,
THe EFFECTIVE PLATE VOLTAGE AT ANY FILAMENT TYPE TUBE, YOU WILL RECALL,
IS EQUAL TC THE DIFFERENCE IN VOLTAGE BETWEEN THE POTENTIALS APPLIED TO
THE PLATE AND TO THE FILAMENT. THEREFORE, THE EFFECTIVE PLATE VOLTAGE AT
THE POWER TUBE SOCKET IN THIS CASE A CTUALLY AMOUNTS TO ONLY 445 VOLTS
MiINUs 185 voLTs orR 250 voLTS.

lnput
(;& 1445;_45 +250V. 5
::§§N m .
Q \
ol w
. du
>
g
Ou+pu{
R4 Ry
- + = + 445 V.
13y, 25v. bov. tasy.  245v,
=g 445V, o
B Supply
Fla. Z
A Typical Direct-Coupled Amplifier.
THE RESISTOR Rg SERVES A DOUBLE PURPOSE. FOR EXAMPLE,FIRST 1T

WiLL BE SEEN THAT THE PLATE CIRCUIT OF THE =24 AMPLIFIER TUBE |8 CONNECT—
ED TO THE +245 VOLT TAP THROUGH THE RESISTOR Rg. THE RESISTANCE VALUE OF

Rg 1s sucH THAT A DrRoP OF |00 voLTS WiLL BE DEVELOPED ACROSS ITS ENDS
WHEN THIS TUBE IS DRAWING NORMAL PLATE CURRENT. THEREFORE,ONLY 245 voLTs
Minus 100 voLTs OR 145 VOLTS WILL BE IMPRESS8ED UPON THE PLATE OF  THIS
TUBE. - : « ~

Tuis vaLuE oF 145 voLTs, HOWEVER, I8 NOT THE EFFECTIVE PLATE VOL~™
TAGE OF THIS TUBE BECAUSE THIS TUBE'S PLATE CURRENT ALSO FLOWS THROUGH
RESISTOR R| WHICH I8 CONNECTED BETWEEN THIS Tuse's CATHODE AND THE NEQA—
Tive "BY" LiNE. THE VALUE OF THIS RESISTOR AND THE PLATE CURRENT FLOWING
THROUGH IT ARE SUCH THAT A VOLTAGE OF |5 vOLTs IS DEVELOPED ACROSS iITs
ENDS == }TS UPPER END BEING POSITIVE WITH RESPECT TO ITS LOWER END  AND
AND FOR THIS REASON THE CATHODE OF THE =24 Tuse §g |5 vOoLTS POSITIVEWITH
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RELATION TO B=, THEREFORE,THE EFFECTIVE PLATE VOLTAGE UPON THE =24 TUuBE
18 EQUAL TO |45 voLTs miInus |15 voLTs or 130 voLTs,.

THE CONTROL GRID OF THE =24 TUBE 18 CONNECTED TO THE +|3VOLT POINT
OF THE VOLTAGE DIVIDER THROUGH THE SECONDARY WINDING@ OF THE TRANSFORMER,
THE EFFECTIVE GRID BIAS VOLTAGE UPON TH|S SCREEN~GRID TUBE, HOWEVER, 1]
NOT +|3 VOLTE BECAUSE THE TUBE'S CATHODE |8 AT A POTENTIAL OF +|5 voLTS
A8 WAS ALREADY SBTATED. IN OTHER WORDS, THE CATHODE POTENT|AL 18 2 VOLTS
GREATER THAN THAT OF THE CONTROL GRID AND WHICH MEANS THAT THE CONTROL
GRID 18 ACTUALLY AT 2 VOLTS NEGATIVE POTENTIAL WITH RESPECT TO THE CATH=
ODE OF THE SAME TUBE. SINCE 1T 18 AlLwaygs THE DIFFERENCE (N POTENTIAL BE~
TWEEN THE CONTROL GRID AND THE CATHODE WHICH DETERMINES THE EFFECTIVE
GRID BIAS VOLTAQE, THE =24 TUBE IN THE CIRCUIT OF Fjas 2 18 IN REALITY
BEING OPERATED W|TH A BJAS8 OF =2 VOLTS,.

THE SCREEN GRID OF THE =24 TUBE IS CONNECTED TO THE +80 VOLT TAP OF
THE VOLTAGE DIVIDER BUT SINCE THE CATHODE POTENTIAL 18 +Ib voLTS, THE
EFFECT IVE SCREEN GRID VOLTAGE FOR THE =24 TUBE WiLL BE ONLY B0 miNus 5
oR 45 voLrts,

No DOUBT YOU HAVE BEEN WONDERING ABOUT THE VOLTAGE A8 APPLIED TO
THE GRID OF THE POWER TUBE. SINCE THE GRID OF THI8 TUBE I8 CONNECTED D{—
RECTLY TO THE PLATE OF THE PRECEDING TWUBE, IT AT FIRST GLANCE APPEARS AS
IF THE POWER TUBE'S8 GRID I8 ALSBO GOING TO HAVE A POTENTIAL OF +145 voLTs
IMPRESSED UPON |T AND SUCH A CONDITION WOULD BE ENTIRELY CONTRADICTORY TO
ALL PRINCIPLES WHICH YOU HAVE 80 FAR LEARNED,

THE TRUTH OF THE MATTER 18, HOWEVER, THAT TH|S8 POWER TUBE I8 ACT—
UALLY OPERATING AT A NEGATIVE GRID BIA8 VOLTAGE OF 50 voLTs. THE REASON
FOR THIS (8 THAT THE CENTER OF THE POWER TUBE'S FILAMENT |8 SUBJECTED TO
A "B" voLTaae OF +!95 VOLTS SINCE THE CENTER TAP OF IT8 FILAMENT S8HUNT ING
RESIBTOR |§ CONNECTED TO A POINT OF THIS POTENTIAL, THEREFORE, EVEN
THOUGH+145 VOLTS BE IMPRESSED UPON THIS TUBE'S GRID, THE EFFECTIVE VOLTAQGE AS
IMPREBSED ACROSS THE GRID AND FiLAMENT OF THE POWER TUBE WILL BE |95 minus - |45
OR50 vOLT8. FURTHERMORE, 8 INCETHE FILAMENT OF THIS TUBE 18 AT A POTENTIAL 50
VOLTS HIGHER THAN 1 T8 GRID, THEGR(ID 18 IN REALITY 50 vOLTS NEGATIVEWITH  RE-
SPECT TO IT8 FiLAMENT AND THUS A B0 VOLT NEGAT IVE BIAS I8 ACTUALLYAPPLIED TO
THE GRID CIRCUIT OF THIS TUBE. '

8INCE RESISTOR Rg 18 INSTALLED IN THE PLATE CIRCUIT OF THE —24TuBk,
AS WELL AS IN THE GRID CIRCUIT OF THE POWER TUBE, ALL VOLTAGE CHANGES
APPEARING ACROSS 1T8 EXTREMETIES DUE TO THE PLATE CURRENT VARIATIONS AT
SIGNAL FREQUENCY PASSING THROUGH 1T, THESE SAME S8IGNAL VOLTAGES WiLL BE
APPLIED ACROSS THE GRID AND FILAMENT OF THE POWER TUBE AND THEREBY PERMIT
TH18 TUBE TO FUNCTION IN THE CONVENTIONAL MANNER.

DIRECT COUPLED AMPLIFIERS ARE RECOGN|ZED FOR THEIR UN|FORMRESPONSE
THROUGHOUT THE ENTIRE AUDIO FREQUENCY RANGE AND THIS I8 DUE TO THE FACT
THAT THE COUPLING BETWEEN STAGES DOES NOT DEPEND UPON THE SIGNAL VOLTAGE
sEING "PASSED-ON" THROUGH THE PROPERTIES OF EITHER INDUCTANCE OR CAPA™
CITY AND BOTH OF WHICH FAVOR CERTAIN FREQUENCY RANGES MORE OR LESS.

OME OF THE DISADVANTAGES OF THIS TYPE OF CIRCUIT LIES IN THE FACT
THAT A BOURCE OF RATHER HiaM "B" vOLTAGE 18 REQU IRED IN ORDER THAT THE
PROPER VOLTAGE DISTRIBUT)ON CAN BE OBTAINED THROUGHOUT THE CIRCUIT. THI8
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HIGH "B" vOLTAGE REQUIREMENT CALLS FOR A MORE EXPENSIVE POWER TRANSFORM-~
ER ANO FILTER CHOKES, AS WELL AS FILTER AND BYPASS CONDENSERS WHICH ARE
CAPABLE OF WITHSTANDING THE HIGH VOLTAGES TO BE HANOLED.

CIRCUIT ARRANGEMENTS

VARIOUS ARRANGEMENTS ARE EMPLOYED IN PRACTICE IN ORDER TO  OBTAIN
DIRECT COUPLING AND NOW THAT YOU ARE FAMILJAR WITH THE BABIC PRINCIPLES
GOVERN ING THE CIRCUITS AND OPERATION OF TH1S TYPE OF AMPLIFIER, WE SHALL
PROCEED WITH A MORE DETA|LED STUDY OF THE VARIOUS CIRCUIT DES{GNS EMPLOY=
ED IN AMPLIFIERS OF THIS TYPE, -

DIRECT COUPLED AMPLIFIER WiTH COMMON CHOKE

IN F1ge 3 YOU ARE SHOWN THE OIAGRAM OF AN [NTERESTING DIRECT COUP=
LED AMPLIFIER CIRCUIT |N WHICH AN A,F, CHOKE 18 USED AS THE LOAD IN THE

PLATE CIRCUIT OF THE FIRST TUBE RATHER THAN A RESISTANCE., ONE OF THE
ADVANTAGES OF USING A CHOKE FOR THIS PURPOSE I8 THAT THE D, C. RES 18—
TANCE OF A GOOD
2 180, ooy g e lamucH Loss

Ip= 5 MA I1p = 3L MA, coin. CHOKE,
z: 18041351 193.8V. &7 250+ 210:460V. ’{ THAN THAT OF A

RES ISTANCE EQU | V=
ALENT TO THESAME
LOADING EFFECT,
CONSEQUENTLY THE
VOLTAGE DROP A=—
CROSS TH1S8 CHOKE
DUE TO THE FLOW
OF PLATE CURRENT
WILL BE MUCH LESS
THAN THAT ACROSS

| A PLATE LOAD RE-

FlG. 3 SISTOR A8 WOULD
Crreurt of the Am,o/fﬁ'er. ORDINARILY 8E

USED FOR THiIS PUR

POSE.,

ALTHOUGH THE A.F, CHOKE SHOULD BE OF THE BEST QUALITY,YET WHENUSED
IN A CIRCUIT OF THIS TYPE, THE FREQUENCY CHARACTER(IST IC OF THE CHOKE WiLL BE
IMPROVED OVER TO WHAT T WOULD BE §F THE SAME UNIT WERE TO BE EMPLOYED IN
A CONVENTIONAL CIRCUIT,.

THE DESIGN PROCEDURE FOR AN AMPLIFJER OF THiS8 TYPE WOULD BECARRIED
OUT IN THE FOLLOWING MANNERS

FIRST, WE MAKE NOTE OF THE OPERATING CHARACTERISTICS8 UNDER WH | CH
THE TUBES OF THE CIRCUIT ARE TO FUNCTION; THAT |8 THE PLATE VOLTAGE, BAS
VOLTAGE,PLATE CURRENT ETC, WHICH ARE ALL OBTAINED BY REFERENCE FROM TUBE
DATA WHERE THE NECESSARY SPECIFICATIONS ARE GIVEN FOR OPERATING THETUBES
TO BE USED A8 AMPLIFIERS,.

FOR THE S8AKE OF A SPECIFIC EXAMPLE, LET US ASSUME THAT THE TYPE =27
INPUT TUBE 18 TO BE OPERATED WjTH A PLATE VOLTAGE OF |80 VOLTS AND ABIA8
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oF =|3.5 VOLT8 AND THAT UNDER THESE CONDITIONS THE TUBE WiLL DRAW 5 MA,
OF PLATE OURRENT. THE TYPE 47 POWER TUBE WE SHALL ASSBUME §8 TO BE OPERA~
TED WITH A PLATE AND SCREEN VOLTAGE OF 260 voLTS, A GRID BiA8 OF —|6.5

VOLT8 AND THAT THE PLATE CURRENT AMOUNTS TO 3| MA, AND THE SCREEN CURRENT

T0 6 MaA, CkD

Now THEN, S8INCE THE PLATE VOLTAGE FOR THE 27 TUBE s TO BE |80
VOLTS AND THE B1A8 —=}3,5 VOLTS8, THE ACTUAL VOLTAGE WM |CH MUST BE DELIV=
ERED TO THE PLATE OF TH(IS TUBE S8HOULD BE EQUAL TO [80+13.5 = 193,65 voLTs,.
THEN 1F THE D,C, RESISTANCE OF THE PLATE CIRCUIT CHOKE 18 300 OHM8  AND
THE PLATE CURRENT OF THE 27 TUSE 18 § MA,, THE VOLTAGE DROP ACROSS THIS
CHOKE wWiLL BE EQUAL TO 300 X 005 = |.5 YOLTS AND CONSEQUENTLY THE VOL~
TAGE AT THE INPUT END OF THi18 CHOKE WiLL BE 193.5 + 1.5 = 195 voLTs.

SINCE THE BIAS VOLTAGE FOR THE 47 TUSE 18 TO BE —[6.,5 voLTs anD |6
VOLTS OF THIS AMOUNT I8 ALREADY DEVELOPED ACROSS THE ENDS8 OF THE A.F,
CHOKE, ONLY 16,5 MINUS 1,5 OR |B VOLTS WILL MAVE TO BE FURNISHED BY THE
VOLTAGE DROP ACROSS THE BIAS RESISTOR OR Ry o THE FILAMENT OF THE 47
TUBE MUBT THEN BE AT A POSITIVE POTENTIAL AMOUNT ING TO 195 pLus 15 or210
voLTS. THEN S8INCE THE PLATE VOLTAGE OF THE 47 Tust I8 TO BE 250 vOLTS AND
1TS FILAMENT (8 QOING TO BE MAINTAINED AT A POTENTIAL oF 210 voLTs, THEN
THE VOLTAQE WHICH MUST BE AVAILABLE AT THE PLATE OF THE 47 TUSE WiLL BE
250 + 210 = 460 voLTs. THIS MEANS THAT A VOLTAGE OF 460 voLTs mMUST  8E
BUPPLIED AT THE OUTPUT OF THE POWER PACK'S FILTER S8YSTEM. ALLOWING FOR
THE REQUIRED VOLTAGE DROP ACROSE THE SPEAKER FIEL COJL WHICH I8 BEINQUS=
ED AS A SECOND FILTER CHOKE IN THIS CIRCUIT AND ALS8O FOR THE VOLTAGEDROP
ACROSS THE FIRST FILTER CHOKE, WE CAN ESTIMATE OUR REQUIRED "B" voLTAGE
ACROSS THE INPUT OF THE FILTER TO BE APPROXIMATELY 560 voLTS. THEREFOREA
TYPE =81 TUBE WITH ABOUT 650 To 700 VOLTS APPLIED TO 1T8 PLATE WiLL O&-
LIVER THE NECESSARY "B® VOLTAGE AND CURRENT.

HAVING DETERMINED THESE VOLTAGE VALUES OF THE CIRCUIT,O0UR NEXT-J0B
18 TO WORK OUT THE DEBIGN FOR THE RESISTANCE NETWORK OR VOLTAQE DIVIDER
8YSTEM, TO BEQIN WITH, THE BIAS8 VOLTAGE FOR THE 47 TUBE 18 TO BE =[6.5
VOLTS AND OF THIS AMOUNT [5 VOLTS IS TO BE FURNISHED BY THE VOLTAGE DROP
ACROS8 R) FOR REASONS ALREADY STATED. THE PLATE, AS WELL A8 THE  BCREEN
CURRENT OF THE 47 TUBE MUST ALL FLOW THROUGH Ry AND THEREFORE THE TOTAL
CURRENT PASSING THROUGH THIS RESISTOR WILL AMOUNT To 3| FlLug 6 OR 37 ma.
THEN 1F THE VOLTAGE DROP ACROSS R, 18 To BE |5 VOLTS FOR BIASING PURPOSES,
ITS RESISTANCE VALUE ACCORDING TO Ovub Law wiLL Be R=E = ]§ = 405
OHMS o I 037

THE PLATE CIRCUIT OF THE =27 TUBE 1S CONNECTED TO THE NEQAT |VE END
oF R' THROUGH THE A.F. CHOKE AND CONSEQUENTLY THE PLATE CURRENT FOR THIS
TUBE WILL BE TAKEN OFF THE VOLTAGE DIVIDER SYSTEM AT THIS POINT, THIS
MEANS THAT ONLY 37 MINUS 5 OR 32 MA. WILL FLOW THROUGH Ry o THEN sINCE
THE NEGATIVE END OF R| 18 AT A POTENTIAL OF |95 vOoLTS AND THE CATHODE OF
TME 27 TUBE 18 TO BE MAINTAINED AT A POTENTIAL OF +13.5 FOR BIASING PUR~

POSES, THE VOLTAGE DROP REQUIRED ACROSS Rg wiLL 8E 186 minug 13,5 OR
181.5 voLTS. THEREFORE, THE RESIBTANCE VALUE FOR R, wiLL Be R = E =181,
= 5672 omms. I 032

FINALLY, S8INCE THE CATHODE OF THE 27 TUBE 18 To BE |3.5 voLTS HiGH
ER THAN THE GROUND POTENT AL FOR BIASING PURPOBES, THE VOLTAGE DROP A=
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cross Rz musT BE 3.5 voLTS. ALSO NOTICE THAT THE CIRCUIT ARRANGEMENT I8
SUCH THAT THE PLATE CURRENT OF BOTH THE 47 AND 27 MusT FLOW THRoUGH R3
AND WHICH WILL AMOUNT To 37 MA. THE RESISTANCE VALUE FOR R, 16 THUS FOUND
as FoLLows: o _E _ 135 _ 355 oms.

I T .037
BEAR IN MIND THAT IN OUR PRESENT DISCUSS |ION WE ARE ONLY CONS IDERING
THE DESIGN PROCEDURE WH|CH MAKES DIRECT COUPLING POSSIBLE. IN THE AC~

TUAL AMPLIFIER |T WOULDN'T BE ADVISABLE TO OPERATE THE UNIT W{THOUT ANY
BLEEDER CIRCUIT FOR THE POWER PACK AND WHICH WOULD REALLY BE THE CASE IN
THE CIRCUIT OF F1Gg. 3« THIS CONDITION COULD BE OVERCOME IN Flas 3, How-
EVER, SIMPLY BY CONNECTING A SUITABLE RESISTOR ACROSS THE POSITIVE  <ND
NEGATIVE TERMINALS AT THE OUTPUT OF THE FILTER, CHOOSING ITS VALUE 80
THAT THE BLEEDER CURRENT WiLL BE NORMAL WHILE AT THE SAME TIME, THEPOTEN-
TIAL DIFFERENCE ACROSS ITS EXTREMETIES \WLL BE OF THE PROPER MAX |MUM VALUE
REQUIRED BY THE AMPLIFIER CIRCUIT IN QUESTION.

THREE D|RECT-

COUPLET STAGES
20
q- -
Ip = SMA. In Fre.4vou
27 1004109.54209.8V. ARE SHOWN HOW
300, THREE STAGEB MAY
%4355 § ma. BE CONNECTED TO—
y (A ey GETHER BY DIRECT
’ COUPLING AND HOW
Y v R, YHE VOLUME MAY BE
D CONTROLLED INSUCH
1815V A SYSTEM.
P . 6259
8MF,  OWMS
THE SAME
ALL VOLTAGES MEASURED TO % i

18 APPLIED TO LAY

FIG. 4 ING OUT THE DE=

OR A R~

Three Direct- COUP/ea' 5*4935' 2::?: ;FTHIS :w'fpe
AS HAS ALREADY

BEEN EXPLAINED REGARDING THE PRECEDING TWO=STAGE CIRCUIT. FOR INSTANCE,

WE HAVE A SIMJLAR RESISTANCE NETWORK FOR DISTRIBUTING THE VOLTAGE AND

CURRENT {N THE PROPER MANNER TO THE VARIOUS. CIRCUITS SO THAT EACH OF THE
TUBES MAY OPERATE ACCORDING TO PRESCRIBED SPECIFICATIONS, THE VOLTAGES

AND CURRENT REQUIRED BY EACH TUBE ARE NOTED DJRECTLY ABOVE THE CORRES™

PONDING TUBE, THE INPUT 27 TUBZ, FOR INSTANCE, 1S GOING TO EMPLOY A

PLATE VOLTAGE OF 90 VOLTS AND A BlAS OF B VOLTS AND S0 THE VOLTAGEAVA|lL=

ABLE AT §1TS PLATE MUST BE 90 PLUS 6 OR 96 vOLTS. SINCE THIS TUBE DRAWS

2.7 MA, OF PLATE CURRENT WHICH MUST FLOW THROUGH AN A.F, cHokeE oF - 300
OHMS RESISTANCE, THE VOLTAGE DROP ACRO8S THIS CHOKE wiLL 8E 300 Times

00027 = 008 VOLT,.

THE SseconD 27 TUBE IS GOING TO REQUIRE A BI1AS OF —={3.5 AND  SINCE
THIS GRID IS AT A POSITIVE POTENTIAL OF 96 VOLTS THE SAME AS THE  PLATE
OF THE PRECEDING TUBE4ITS CATHODE POTENTIAL MUST BE 96 + 13.5 = 109.5
VOLTS. THE PLATE VOLTAGE FOR THIS SECOND 27 Tuse I1s To BE [BO voLTs AND
SO THE VOLTAGE AVAILABLE AT ITS PLATE MusT 8€ 180 + 109.5 = 2839.5 voLTs.

THE TYPE 45 TUBE IS TO BE OPERATED WITH A PLATEVOLTAGE OF 250 voLTs
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AND A BIA8 OF B0 VOLTS,CONSEQUENTLY IT8 FILAMENT POTENTIAL SHOULD BE
288,5 PLUS 50 = 339.,5 VOLTS AND THE VOLTAGE AVA|LABLE AT |T8 PLATE MUST
ee 339.5 prLus 250 or 589,5 voLTs.

As TO THE REBISTANCE NETWORK,NOTE THAT 34 MA., FLOW THROUGH R,. OF
THIB AMOUNT 5 MA., PASS THROUGH THE SECOND 27 TUBE 80 THAT ONLY 34 miNUS
5 OrR 29 MA. FLOW THROUGH R,s THIS SAME 29 MA. CONT INUES FLOWING THROUGH
Rz BUT IN ADDITION THE PLATE CURRENT OF THE S8ECOND 27 TUBE I8 RETURNED BY
THE CATHODE SO THAT ACTUALLY 29 PLUS 5 OR 34 Ma, FLOW THROUGH Rye OF THIS
AMOUNT 2,7 MA, 18 USED BY THE INPUT 27 TUBE LEAVING ONLY 34 MINUS 2.7 OR
3l 3 MA. FOR Rge THIS 2,7 MA. WILL TOGETHER WITH THE 3143 MA. FLOW THRU

5 ANDO THEREFORE 3l¢3 PLUS 2.7 OR 34 MA, PASS THROUGH R;.

SINCE A vOLT DROP OF |,5 VOLTS 1S PRODUCED ACROSS THE A.F,  GHOKE
IN THE PLATE CIRCUIT OF THE SECOND 27 Tusg, ONLY 50 minus 1.5 OrR 48,5
VOLTS WILL HAVE TO BE PRODUCED ACROSS R, AND THEREFORE THE VALUE OF R,
secomes R= Efl = :

a5 1427 oums,

oo oggme B o
. . ‘RA .

(NoT1CE THAT WiTH ) 4:, 31 MA /;

RESPECT TO THE } T 2504196814465

GRID CIRCUIT OF
THE =4bTuBE, THE
|1e5 VOLT DROP A=
CROS8 THE 2NDAGF.
CHOKE AND THE48.,5
VOLT DROP ACROSS
R' ARE EFFECTIVELY
IN BERI1ES, THE GRJD
~PLATE END OF THE
seconD A.F. cHOkE
BEING AT A POTEN- Fla. 5
TIAL OF 48,5 pPLUB c g Vol -
1.5 or.50  voLTs Application of the -55 Tube .
LES8 THAN THE Fij :
AMENT POTENTIAL OF THE =45 TUuBE., HENCE. THE GRID OF THE 45 TUSE 18 50
VOLTS NEGATIVE WITH RESPECT TO IT8 FILAMENT, THE VOLTAGE DROP ACROSS R,
18 To B 29| voLTs miNus 109.5 voLTs OR [IB1.5 vOLT8.THIE MEANS THAT THIS
THIS RESISTOR MUST HAVE A VALUE ofF 6259 omms (R = E = ]B1,5 = 6259 oHus).
| 029

THE vOLTAGE DROP ACROSS R4 MusT 8E 109.5 MINUS 96.8 OR 12.7 vOLT8 AND 80
ITS RESISTANCE VALUE wiLL Be R = E = |2,7 = 373 oums,

| .034

THE VOLTAGE DROP ACROSS R4 WiLL 8E 96.8 MINUS 6 OR 90.8 VOLTS AND
ITS RESISTANCE VALUE WiLL THEN BE 2901 omms (R =5=335 ='2901 owms).
THE voLT DROP ACROSS R WiLL BE EQUAL TO THE BIAS VOLTAGE WHICH IS TO BE
APPLIED TO THE GRID or THE INPUT 27 TUBE OR 6 VOLTE AND SINCE 34 MA. oF

CURRENT PASSES THROUGH IT,THE RESISTANCE VALUE OF Re musT BE R=E = 6

I 180+ 16.5+ ¥,
196.5V

7™M
t /3%y ouus} R1

e S—
=
-
<
Al
Ll

‘B4

L :tilacs } 82
R i
<

NOTICE PARTICULARLY THE VOLUME CONTROL WHICH IS USED IN THIS CIR=
CUITs THE POTENTIOMETER WHICH BERVES AS THE VOLUME CONTROL HAS ONE OF ITS
ENOS CONNECTED TO THE PLATE END OF THE S8ECOND A,F, CHOKE WHILE'IT8 OTHER
END 1S CONNECTED TO GROUND THROUGH A 2 MFD. CONDENSER AND THE ARM OFTH|S
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POTENT IOMETER IS CONNECTED TO THE GRID OF THE 45 TuBE. IN THIS WwAY, THE
BIAS VOLTAGE FOR THE 45 TUBE WiLL NOT BE ALTERED AS THE POSITION OF THE
VOLUME CONTROL IS CHANGED. THE AUDJO FREQUENCY CURRENTS, HOWEVER,WiLL REACYT
THROUGH TH(|S VOLUME CONTROL CONDENSER AND THE POSITION OF THE POTENT(O~
METER ARM WiLL GOVERN THE PERCENTAGE OF ACTUAL SIGNAL VOLTAGE WHICH I8
APPLIED TO THE GRIO OF THE TUBE. \
\

ALSO TAKE NOTE OF THE FACT THAT IN THE CIRCUIT OF F1G.5, ASERPARATE
FILAMENT WINDING I8 USED FOR EACH STAGE S0 AS TO AVOID HIGH POTENT|ALS
BETWEEN THE ELEMENTS OF THE TUBES.

A-55 TUBE DIRECT=COUPLED TO A POWER BTAGE

IN Fige B YOU ARE SHOWN HOW A TYPE 55 TUBE 1S CONNECTED INTO A POW=

EpsIS V.
190 3.7M4.

0.5-

Ep = LBOYV.
« 13.5V.
Ipe BMA,

ER OUTPUT
STAGE BYMEANS

OF D |RECT COUP
LINGe SiINcE
THE AMPLIFY=
ING HALF  OF
vs THE 55 TuBE IS
v. DIODE BIASED,
THERE (8 NO
NEED FOR AN
AUDIO BY—=PASS
CONDENSER AND
THIS MAKES (T
POSSIBLE TO
REAL 1ZE A
BETTER TONE
QUALITY.

4

55 135V,
4

(27 1804 Mes3sy.

g 2
h e s atre gy | -

@
-3

B

R |

OF DOTTED LINE 18
A SEPARATE UNIT

é

IT sHALL
BE NOTED HERE,
HOWEVER, THAT
IN MANY CASES
TME VOLTAGE DROP ACROSS R4 ,DUETO THE RECTIFIED SIGNAL,MAY BE INSUFF|—
CIENT TO PROPERLY BIAS THE TRIODE HALF OF THE 55 EXCEPT ON STRONG LOCAL
STATIONS, FOR THI8 REASON, THE PLATE VOLTAGE ON THE 55 TUBE S8HOULD BE AS
LOW AS POSSIBLE WITHOUT TOO MUCH SACRIFICEs

FlG. &
Direct-Coupled Amplifier With Dual Power Packs.

THE SAME PROCEDURE 18 EMPLOYED FOR CALCULATING THE VARIOUS RESISTOR

VALUES IN THIS CIRCUIT AS HAS ALREADY BEEN EXPLAINED AND 80 THERE wiLL
BE NO NEED TO GO INTO FURTHER DETAILS REGAROING THIS MATTER.
ALL NECESSARY VALUES ARE NOTED ON THIS DIAGRAM 80 THAT YOU 8HOULD

HAVE NO DIFFICULTY N ANALYZING THIS CIRCUIT BY SIMPLY APPLYING THE PRIN-
CIPLES WHICH HAVE ALREADY BEEN THOROUGHLY EXPLAINED,

DIRECT-COUPLED AMPLIFIER WITH DUAL POWER PACKS

DIRECT COUPLED AMPLIFIERS EMPLOYING MORE THAN TWO STAGES ORDINARJLY
OFFER A DISADVANTAGE FROM THE STANDPOINT THAT THE MAXIMUm ¥B® voLTagEMUST
BE ABNORMALLY HIGH AND THEREBY NECESSITATES THE UBE OF EXPENSIVE COMPO—
NENTS IN THE POWER SUPPLY SYSTEM. IN Fia. 6, HOWEVER, YOU ARE SHOWN AN
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INTERESTING THREE—~STAGE DIRECT COUPLED AMPLIFIER CIRCUIT IN WHICH Two
POWER SUPPLIES CONB{ISTING OF STANDARD COMPONENTS ARE EMPLOYED.

HERE THE FIRST POWER UNIT 18 EMPLOYED TO FURN{SH THE NECESSARY POW
ER FOR THE FIRST TWO STAGES OF THE AMPLIFIER, AS WELL AS THE BIAS VOL-
TAGE FOR THE POWER TUBE., THE SECOND POWER UNIT 18 THEREFORE ONLY CALLEO.
UPON TO SUPPLY A "B" voLTAGE OF 250 VOLTS AND THE FILAMENT VOLTAQE FOR
1TSS 80 RECTIFIER TUBE AND THE TYPE 45 POWER TUBE.

EVEN THOUGH A BLEEDER CURRENT FLOWS THROUGH THE SERIES OF ' RES|S-
TANCES IN THE CIRCUIT OF FiGe 6 YET THIS DOES NOT COMPLICATE THE CALCUL—
ATIONS TO ANY APPRECIABLE EXTENT, [THI8 SIMPLY MEANS THAT THE DRAINEDBLE-
EDER CURRENT MUST BE ADDED TO THE NORMAL TWBE CURRENT (N EAC”IOABEo

IN THE circUIT OF Fa.6B
FOR INSTANCE, A BLEEDER CURR-
ENT oF 10 mAa. I8 BEING EM—
PLOYED AND THEREFORE THE 5 MA.
PLATE CURRENT OF V9 AND THE
10 MA. OF BLEEDER CURRENT FLOW
THROUGH R; WHILE onLY 10 wma,
PASSES THROUGH R, « A cLOSE
8TUDY OF F1Ge6 WILL MAKE THIS
DISTRIBUTION OF CURRENT PER~
FECTLY CLEAR IN THAT ALL VAL-
UES ARE PLAINLY NOTED THEREON.
THE REST OF THE VOLTAGE Dils~
TRIBUTJON CALCULATIONS FOLLOW

'y

83
‘ 3' Ve L

THE S8AME PROCEDURE AS ALREADY Fila.7
WERE 80 FULLY EXPLAINED IN A Four-Tube Direct- Coupled
CONJUNCT ION WITH THE PRECED= Amplifier.

ING EXAMPLES.

THE VOLUME CONTROL FOR THIS CIRCUIT, YOU WiLL NOTICE,CONSISTS OF
A b MEGOHM POTENTIOMETER WHOSE EXTREMETIES ARE CONNECTED IN A MODIFIED
PARALLEL ARRANGEMENT AROUND A.F, cHoxeE "CK=|" g0 THAT IT ALSO ACTS A8
PART OF THE PLATE CIRCUIT LOAD FOR V{ A8 WELL AS PART OF THE GRID CIR=
CUIT OF Vg AND FOR THIS REASON SIGNAL VOLTAGE VARIATIONS WiLL APPEAR A=
CROS8S BOTH THE CMOKE AND VOLUME CONTROL. THE SETTING OF THE POTENTIOMET=
ER ARM THEREFORE DETERMINES WHAT PERCENTAGE OF THE AVAILABLE 8§GNAL VOL~
TAGE VALUE 18 APPLIED TO THE GRID OF V2 AND IN THIS WAY THE VOLUME 18 CON
TROLLED,

WITH THE INFORMATION SO FAR GIVEN YOU, YOU SHOULD EXPERIIENCE NO
DIFFJCULTY N CALCULATING THE VOLTAGE AND CURRENT DISTRIBUTION IN AUDIO
AMPLIFIERS OF THE DJRECT — COUPLED TYPE, REGARDLESS OF ANY MINOR (0] - od

TAILS WHICH MAY DIFFER IN THE GENERAL CIRCUIT ARRANGEMENT. IN OTHERWORDS,
EVEN, IF THE A.F. CHOKES AS USED IN THESE PARTICULAR CIRCUITS WERE TO BE
REPLACED WITH RESISTORS8, THE PROCEDURE FOR }HE CALCULAT ONS WOULD S8TILL
BE THE SAME AS 80 FAR DESCRIBED,

A FOUR-TUBE DIRECT-COUPLED AMPLIF IER

IN F1G8e7 YOU ARE 8HOWN TNE CIRCUIT DIAGRAM OF A MODERN FOUR~TUBE
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DIRECT=COUPLED AMPLIFIER AND IN WHICH THE TUBES USED ARE A 57 PENTODE
INPUT, FOLLOWED BY A SBPECIAL D|RECT=COUPLED PUSH=PULL ARRANGEMENT EM—
PLOYED A PAIR OF PA3's, AN 83 18 USED IN THE POWER PACK. THIS AMPLIFIER
HAS AN OUTPUT RATING OF |0 waTTs,

NOTICE THAT IN THIS AMPLIFIER ALSO, A SEPARATE FILAMENT WINDING 18
PROV IDED FOR EACH TUBE FOR THE SAME REASON AS ALREADY MENTIONED IN CON=
JUNCTION WITH THE CIRCUIT APPEARING IN F1G., 6 OF THIS LESSON. THE VOLUME
CONTROL 18 NOT {NSTALLED IN THE AMPLIFIER ITS8ELF BUT 18 INCLUDED IN A
BEPARATE M{XER-CONTROL UNIT WHICH 1S HOUSED [N A SEPARATE ENCLOSURE NOT
SHOWN HEREe THE OUTPUT TERMINALS OF THIS CONTROL UNIT ARE TO BECONNECTED
ACROSS THE INPUT TERMINALS OF THE AMPLIFJER,

THE POWER STAGE 18 RATHER UNUSUAL IN DESIGNs, HERE THE PLATE RES(IS~
_TANCE OF Vg 18 CONNECTED IN PARALLELWITH THEPLATE-GRID regisToRs(THE .35
MEG. AND o |5 MEG. RESISTORS) AND BOTH OF WHICH TOGETHER ARE CONNECTED A=
CROSS B+ AND B~ 80 THAT THE "B" CURRENT WILL DiVIDE BETWEEN THESE TWO
PATHS PROPORT JONATELY TO THEIR RESISTANCES. |F THE GRID OF V2 18 DRIVEN
POSITIVE BY A SIGNAL VOLTAGE, THEN THIS WILL DECREASE THE RESISTANCE THRU
Va SO THAT THE PLATE CURRENT FLOW THROUGH |T INCREASESWITH RESPECTTO IT8
NORMAL VALUE AND IN THIS WAY REDUCE THE VOLTAGE DROP ACROSS TME PLATE-
GRID RESISTORS. THE REVERSE {S TRUE WHEN THE GRID OF V72 18 DRIVEN NEGA=
TIVE BY A SIGNAL AND THEREFORE WHENEVER THE GRID OF V, 18 POSITIVE, THE
GRID OF V3 18 PROPORTIONAfELY‘NEGATIVE AND VICE VERSA SO THAT PUSH-PULL
OPERATION 18 REALJZED,

RES|ISTANCE - COUPLED PUSH-PULL AMPLIFIER

IN F1@g. 8 YOU ARE S8HOWN THE CIRCUIT DIAGRAM OF AN AMPLIFIER WHICH
IS DIFFERENT IN DESIGN FROM ANY OF THE OTHERS8 WHICH WERE SO FAR SHOWN YOU.
HERE YOU WwWiLL OBSERVE, THAT PUSH-PULL PERFORMANCE I8 OBTAINED IN TWOSBTA—
GES WITHOUT THE USE OF [NTERSTAGE COUPLING TRANSFORMERS.

A TYPE 53 TUBE 1S EMPLOYED AT THE INPUT OF THIS AMPLIFIER AND A8
YOU WILL NOTICE FROM THE 8YMBOL OF THIS TUBE, 1T REALLY CONSISTS OF TWO
HEATER TYPE TRIODES ENCLOSED IN A SINGLE GLASS BULB, FOR THE SAKE OF EX-—
PLANAT)ON, WE SHALL CALL THE LEFT HALF OF THIS8 TUBE THE "FIRST SECTION"
AND THE RIGHT HALF THE "sEcoND SECTION". THIS TUBE 1S EMPLOYED IN A PHASE

INVERSION CIRCUIT AND THIS SYSTEM OPERATES ON THE PRINCIPLES AS WILL NOW
BE EXPLA(INED.

IT 18 A WELL KNOWN FACT THAT THE OUTPUT SIGNAL IN THE PLATECIRCUIT
OF A TUSE 18 180° OUT OF PHASE WITH THE INPUT SIGNAL] IN OTHER WORDS,
THE AMPLIFYING TUBE REVERSES THE PHASE OF THE SI1GNAL. Now THEN REFERRING
TO THE CIRCUIT OF Fiae. 8, THE SIGNAL IS ARPPLIED TO THE GRID OF THE FIRST
BECTION OF THE 53 = THE OUTPUT VOLTAGE APPEARING ACROSS THE PLATE CIR~
CUIT LOAD OF THIS FIRST TUBE SECTION AND IS TRANSFERRED THROUGH COUPLINQ
CONDENSER C3 THEREBY APPEARING ACROSS RESISTORS Rg AND Ry IN SERIES, AT
THE SAME TIME ACTING UPON THE GRID OF THE UPPER 56 TUuBE,

THAT PORTION OF THE SIGNAL VOLTAGE WHICH APPEARS ACROSS R7 18 NOw
TRANSFERRED TO THE GRID OF THE SECOND SECTION OF THE B3 AND 18 INVERTED
AND AMPLIFIED 80 THAT THE SIGNAL VOLTAGE IN ITS PLATE CIRCUIT IS  EQUAL
AND OPPOSITE TO THAT across Rg anp Rq .
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THE VALUES OF R¢ AND R HAVE BEEN 80 CHOSEN AS TO MAKE THEVOLTAGES
EQUAL IN BOTH HALVES OF THE TUBE.

'

THIS SECOND SIGNAL VOLTAGE IS THEN APPLIED TO THE GRID OF THE SEC—~
oND 56 Tuse By way OF CONDENSER Cg. THUs THE 53 1s COUPLED TO Two 56 TYPE
TUBES IN PUSH~PULL WITHOUT THE USE OF A TRANSFORMER AND THEREBY ELIMINA-
TING SOME OF THE CAUSES OF FREQUENCY DISCRIMINAT|ON.

TH1S SAME FUNCTION AS PERFORMED BY THE 53 TUBE COULD BE PERFORMED
8Y TWO ORDINARY TUBES BUT THE 53 HAS THE ADVANTAGE OF SAVING SPACE  AND
PARTS,

THE INTER=
MEDIATE STAGEEM
PLOYING THE TWO
58 TuBES FEEDS
INTO THE THIRD
STAGE OF THE AMP
LIFIER WHERE THE
Two 286  TUBES
ARE USED. THESE

4 i 2B6 TuBES ARE
400.000fJ 25,000 1 1t MEG

1500 OHMS

500,000 2 ,-”I
OHMS 2 4

Ri i

i OF THE TRIPLE-
100,000 R8 TWIN TYPE CON=
oR¥s 250000 SISTING OF TWO
r HEATER TYPE TR}

ODE. SECT |ONS.EN—
= $Z3 l CLOBED IN A
8 INGLE GLASS
fla. & BULB AND EACHOF

The Resistance-Coupled Amplifier. THESE TUBES

REALLY COMPRISES
TWO STAGES DIRECTLY COUPLED.

THE PLATE LOAD OF THE FIRST S8ECTION I8 IN THE CATHODE S8IDE OF THE
PLATE CIRCUIT, THE VOLTAGE ACROSS THIS RESISTOR I8 APPLIED TO THE GRIDOF
THE SECOND SECTION W|THOUT ANY ADDIT IONAL APFPARATUS BECAUSE THE TWO ARE
CONNECTED TOGETHER. THIS THEREFORE, IS ANOTHER FORM OF DISTORTIONLESS EN
ERGY TRANSFER.

THE ONLY COUPLING TRANSFORMER USED IN THI8 ENTIRE AMPLIFIER 18 THAT

WHICH 1S EMPLOYED TO COUPLE THE AMPLIFIER TO THE SPEAKER. THE OUTPUT OF
THIS AMPLIFIER 18 RATED AT |5 waTTs.

Yf—— D"
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Examination Questions

LESSON NO, AS=5

: "He is not only idle who does
3 nothing,but he is idle who might be
better employed.®

W., 97/(%4(

WHAT 1S THE DISTINCTIVE FEATURE OF DIRECT=COUPLED AMPLI[|=
FIERE IN REGARDS TO THE CIRCUIT ARRANGEMENT?

WHAT |s THE mosT OUTSTANDING FEATURE OF DIRECT= COUPLED
AMPLIFIERS WITH RESPECT TO PERFORMANCE!?

WHAT 18 ONE OF THE DISADVANTAGES OFFERED BY DIRECT—COUPLED
AMPLIFIERST

‘DRAW A CIRCUIT DIAGRAM WHICH [LLUSTRATES THE BASIC PRIN—

CIFLES OF A DIRECT=COUPLED AMPLIFIER,

ExPLAIN HOW THE CIRCUIT WHICH YOU HAVE DRAWN IN ANSWER TO
QUESTION #4 OPERATES.

WHY 18 IT THAT ALTHOUGH THE PLATE OF A TUBE |8 CONNECTED
TO THE CONTROL GRJD OF THE FOLLOWING TUBE THAT THIS SECOND
TUBE 18 STILL ABLE TO OPERATE WITH A NEGATIVE GRID BiAS8?

DraW A CIRCUIT DIAGRAM OF A COMPLETE DIRECT=COUPLED AMPL{—~
FIER.

EXPLAIN IN DETAIL HOW YOU WOULD PROCEED IN DESIGNING A Of—
RECT=COUPLED AMPLIFIER W|TH RESPECT TO THE PRDPER VOLTAGE
DIETRIBUTION AND ILLUSTRATE YOUR EXPLANATION BY MEANS OF A
DJAGRAM,

WHY IN THE CIRCUIT OF Fige 8 18 THE 53 TUBE BEING EMPLOYED
AS A PHASE—INVERTER?

WHAT ADVANTAGE 1S OFFERED BY A CIRCUIT, SUCH AS JLLUSTRATED
IN Frg. 8, OVER THE MORE CONVENTIONAL AMPLIFIER CIRCUITS,

/N=%V‘

PRINTED

IN UeBeA,
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ALGEBRA T

ALGEBRA IS THE CONTINUATION OF ARITHMETIC AND IS OF GREAT VALUE IN
SOLVING ENGINEERING PROBLEMS.

iT IS THE TOOL WHICH ENABLES US TO PERFORM RATHER COMPLEX CALCULA=~
TIONS IN A MOST SYSTEMATIC MANNER AND TO ARRIVE AT AN ANSWER WITH ACCuU=-
RACY AND IN THE SHORTEST POSSIBLE TIME.,

A NUMBER OF TERMS OR EXPRESSIONS ARE USED IN CONNECTION Wi1TH ALGE=-
BRA WITH WHICH YOU ARE, PERHAPS, NOT YET FAMILIAR. IT IS THEREFORE ES-
SENTIAL THAT THESE TERMS
FIRST BE BROUGHT TO YOUR AT
TENTION BEFORE WE GO INTO
THE EXACT MATHEMATICAL PROC
ESSES AS APPLIED TO ALGEBRA.

ALGEBRAIC EXPRESSION

AN ALGEBRAIC EXPRES-
SION IS ANY EXPRESSION THAT
REPRESENTS A NUMBER BY MEANS
OF THE SIGNS AND SYMBOLS OF
ALGEBRA. FOR INSTANCE, 3ABC
IS AN ALGEBRAIC EXPRESSION
THAT TELLS US THAT THE FAC=
TORS 3,A,B,AND C ARE ALL TO
BE MULTIPLIED TOGETHER AND
COULD ALSO BE WRITTEN IN THE
FORM 3XAXBXC,WHERE THE SIGN
(x) DENOTES THE PROCESS OF
MULTIPLICATION AS YOU AL=- Fia. |
READY LEARNED IN A PREVIOUS A GOOD KNOWLEDGE OF MATHEMATICS IS
LESSON TREATING WITH MATH- REQUIRED BY THE RADI10 ENGINEER
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EMATICE IN GENERAL.
FACTORS

|F WE S8HOULD BE WORKING WITH AN ALGEBRAIC EXPRESSION SUCH AS 23
ACD, THEN 23,A,C, AND D ARE ALL CONSIDERED AS BEING THE FACTORS ofF THIS
ALGEBRAIC EXPRESS JON. IN OTHER WORDS, THE VARIOUS INDIVIDUAL PARTS OF AN
ALGEBRAIC EXPRESSION CONSTITUTE ITS FACTORS.

COEFFICIENT

SHOULD WE CONBIDER THE SAME EXPRESSION 23 ACD AGAIN, THEN ANY ONE
OF JTS FACTORS OR ANY PRODUCT OF TWO OR MORE OF THEM IS CALLED THE (0=
EFFICIENT oF THE REMAINING PART. FOR EXAMPLE, 23A MAY BE CONSIDERED AS
BEING THE COEFFICIENT OF CD OR 23AC MAY BE CONSIDERED AS BEING THE COEFF=—
ICIENT OF D, As A GENERAL RULE, HOWEVER, WE REFER TO THE NUMERICAL PART
OF THE EXPRESSION ONLY AS BEING THE COEFFICIENT AND IN WHICH CASE IT 18
caLLeo THE NUMERICAL COEFFICIENT, WHENEVER NO NUMERICAL PART 18 EXPRESSED,
THEN 1T 18 UNDERSTOOD TO BE |, FOR INSTANCE, | ACX 18 THE SAME AS ACX.

POWER-EXPONENT

IF ALL THE FACTORS IN A PRODUCT ARE EQUAL AS @.Q.Q.Q& THEN THE PRO~
DUCT OF THE FACTORS 18 CALLED A POWER oF oNE oF THEM. (THE PER10DS APPEAR
ING BETWEEN THE SUCCESSIVE LETTERS "A" N THIS CASE DENOTE THE PROCESS OF
MULTIPLICATION AND ARE EQUIVALENT TO THE MORE COMMONLY USED SYMBOL  FOR
MULTEPLICATION X). THE FORM @.4.Q.Q 18 USUALLY WRITTEN A8 29 AND THIS VAL
UE IS SPOKEN OF AS BEING & FOURTH POWER., THE SMALL NUMBER TO THE  RIGHT
AND ABOVE INDICATES HOW MANY TIMES & IS TAKEN AS A FACTOR. IN THE CAsE
oF 2%, a1g cALLED THE BASE AND 4 THE EXPONENT AND §T WOULD INDICATE THAT
Q 18 TAKEN FOUR TIMES AS A FACTOR,

AS FURTHER EXAMPLES, LET US CONSIDER C- WHICH |8 READ AS C SQUARE
OR C SECOND POWER AND INDICATES THAT C IS TAKEN TWICE AS A FACTOR; c3 Is
READ AS C CUBE OR C THIRD POWER AND INDICATES THAT C 18 TAKEN THREET IMES
AS A POWER; €4 18 READ AS C FOURTH POWER AND INDICATES THAT C IS TAKEN
FOUR TIMES AS A FACTOR; C" 18 READ A8 C NTH POWER OR € EXPONENT N''AND IN-
DICATES THAT C IS TAKEN“N“TIMES As A FACTOR.

WHEN ‘NO EXPONENT I8 WRITTEN, THEN THE EXPONENT 1S UNDERSTOOD TO BE
I3 THUS A 15 THE SAME As a'.

A TERM

A TERM N AN ALGEBRAIC EXPRESSION IS A PART OF THE EXPRESSION NOT
SEPARATED BY A PLUS OR MINUS 81GN. THUS, IN THE EXPRESSION 4 ax + 3¢ =D,
WE FIND THE TERMS TO BE 4 AX, 3C AND D.

IT 1S CONVENIENT TO HAVE NAMES FOR ALGEBRAJC EXPRESS|ONS HAVINGO =
FFERENT NUMBERS OF TERMS8, FOR EXAMPLE, A MONOM|AL 18 AN ALGEBRAIC EX~
PRESSION CONS1STING OF o~e TERM SUCH A8 3 xY; A BINOMIAL consisTs oF Two
TERMS sucu AS 4Aa2 + 2x’v*anp o TRINOMIAL CONSI8TS OF THREE TERMS SUCHAS
2a’ 8 —3xv + 8 ¢f D. ANY ALGEBRAIC EXPRESSION OF TWO OR MORE TERMS (GENER~
ALLV ABOVE THREE) 1s cALLED A POLYNOMIAL or A MULTINOMIAL, THEExPRESS1ON
45* 2xv1+ 7c*0~10a"WouLD BE A POLYNOMIAL OR A MULT INOMIALe
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TERMS THAT ARE EXACTLY THE SAME OR DIFFER ONLY IN THEIR  COEFFIC—
1ENTS ARE caLLeo LIKE TERMS or SIMILAR TERMS, WHEREAS TERMS THAT DIFFER
OTHERWISE THAN [N THEIR COEFFICIENTS ARE UNLIKE or DISSIMILAR TERVS. THus
BA> xT, ~7a} x*anD 164’ X" ARE LIKE TERMS] WHILE 6ax®,=7 a’x"aND |6 AYZ ARE
UNLIKE TERMSe

POSITIVE AND NEGAT|VE NUMBERS

THe DEGREES OF TEMPERATURE INDICATED BY THE THERMOMETER SCALE, FOR
EXAMPLE, ARE COUNTED IN TWO OPPOSI|TE DIRECTIONS FROM THE ZERO POJNT AND
WE USUALLY SPEAK OF A TEMPERATURE AS SO MANY DEGREES ABOVE OR BELOW ZERO,
IN ALGEBRA, HOWEVER, WE EMPLOY A SYSTEM OF ABREVIATION TO STATE THE BAME
THING AND WE DO THIS BY USING THE SIGNS + AND =, :

ANY NUMBER PRECEDEO BY THE + SIGN 1S CALLED A POSITIVE NUMBER anD
18 THEREFORE ABOVE A ZERO VALUE. ON THE OTHER HAND,ANY NUMBER PRECEDED BY
THE = B81GN 1S CALLED A NEGAT [VE NUMBER anD 15 THEREFORE BELOW A ZERO VAL
UE. THIS COULD BE ILLUSTRATED AS 18 SHOWN YOU IN Fila. 2. THESE POSITIVE
AND NEGATIVE NUMBERS, TOGETHER WITH ZERO, FORM THE SYSTEM caLLED ALGE~
BRA IC NUMBERS,

Tue ABSOLUTE or NUMERICAL VALUE OF A NUMBER IS THE VALUE WHICH 1T
HAS WITHOUT REFERENCE TO ITS S1GNe THUs, 45 AND =5 HAVE THE SAMEABSOLUTE
vALUE 5,

ADD|TION OF ALGEBRAIC NUMBERS

THE ADDITION OF ALGEBRAJC NUMBERS CAN 8E DEMONSTRATED TO YOU GRA—
PHICALLY BY MEANS OF FiGe 2 AND WHICH W{LL NO DOUBT HELP TO MAKE THIS
CLEARER TO YOUe

o
-6 -5 -4 -3 -2 -l +1 ,
etc‘ ] ? [ 1 1 1 | *11 +? -nq +F -ﬁé etC
- v
Nujativa Values Positive Values
Fla. 2

Positive and Negative Numbers.

LET us SUPPOSE, FOR INSTANCE, THAT YOU ARE TO DETERMINE THE ALGE~
BRAIC SUM oF +3 AND +2. IN THIS CASE, WE WOULD START AT THE ZERO MARK IN
F1Ge 2 AND COUNT THREE DIVISIONS TOWARDS THE RIGHT WHICH WILL BRING  US
To A VALUE OF +3. THEN IF WE SHOULD MOVE OVER TWO MORE DIVISIONS TOWARDS
THE RIGHT FROM THIS MARK OF +3 OR ADD +2, A8 IT WERE, THEN THIS WOULD
BRING US TO THE +5 mMARK. IN OTHER WORDS, THE ALQEBRAIC SUM OF +3 aND +2

1s +5.

Now LET US S8UPPOSE THAT WE ARE TO FIND THE ALGEBRAIC SUM OF +3 AND
~2. IN THIS CASE, WE WOULD MOVE FROM ZERO TOWARDS THE RIGHT TO THE +3
maRK, THEN IF WE ARE TO ADD =2 TO THIS VALUE, WE WOULD MOVE BACK OR TO=



PAGE 4 AMPL.8YSTEMS

WARDS THE LEFT OF +3 FOR TWO DIVISIONS AND WH|CH WOULD BRING U8 TO THE
+| MARK. THUS WE MAVE SHOWN THAT THE ALGEBRAIC SUM OF +3 anD =2 18 +].

A CAREFUL CONSIDERATION OF THE FOREGO ING EXPLANATION WILL DISCLOSE
THE FOLLOWING RULE!?

(1) THE ALGEBRAIC SUM OF TWO NUMBERS WITH LIKE S8IGNS §S THE SUM OF
THEIR ABSOLUTE VALUES, WITH THE COMMON SIGN PREF |XEDs

THus:= 4 -5
....‘L'Z’. _i
+7 -9

(2) THE ALGEBRAIC SUM OF TWO NUMBERS WITH UNLIKE SIGNS IS THE D=
FFERENCE BETWEEN THEIR ABSOLUTE VALUES WITH THE SIGN OF THE ONE GREATER
IN ABSOLUTE VALUE PREF IXED.

ExampLe:—= <47 =3
=3 _+5
+4 42

WHENEVER IT 1S NECESSARY TO ADD THREE OR MORE ALGEBRAIC NUMBERS, D=
FFERING [N SIGNS, THEN F{ND THE SUM OF THE POS{TIVE NUMBERS AND THE sum

OF THE NEGATIVE NUMBERS BY RULE (l) AND THEN ADD THESE SUMS BY RULE (2).

ExavpLE!= To FIND THE sum OF +3,48,—6,=4,~10,4+2 WE TAKE +348+2=+3
AND (=B) + (=4) + (=10) = =20, THEN +13 H=20) = =7 THE sum.

SUBTRACT ION OF ALGEBRAIC NUMBERS

IN SUBTRACTION AS APPLIED TO ORDINARY ARITHMETIC, IT {S ASSUMED THAT
THE MINUEND S ALWAYS GREATER THAN THE SUBTRAHEND. HOWEVER, IN THE suUB—
TRACTION OF ALGEBRAIC NUMBERS WE NOT ONLY MAY HAVE THE SUBTRAHEND LARGER
THAN THE MINUEND WHEN THE NUMBERS ARE POSITIVE BUT EITHER OR BOTHSUBTRA=
HEND AND MINUEND MAY BE NEGATIVE NUMBERS, THE RULES FOR SUBTRACTING AL~
GEBRAIC NUMBERS ARE AS FOLLOWS!

RULE := THE SUBTRACTION OF ALGEBRAIC NUMBERS 1S PERFORMED BY CON=
SIDERING THE SiGN OF THE SUBTRAHEND CHANGED AND PROCEEDING AS §NADDITION
OF ALGEBRA |C NUMBERS,

ExamMpPLE!= +7 44 =6 =3 -8 +7
43 46 =2 _=7 43 _=2
+M =2 =4 4 =} +9

ADDITION AND SUBTRACTION OF LITERAL ALGEBRAIC EXPRESSIONS

As You ALREADY KNOW, [N ARJTHMETIC WE CANNOT ADD OR SUBTRACT UNLIKE
THINGS. FOR INSTANCE, WE ADD 5 BUsHELS, 8 BUSHELS, |0 BUSHELS AND OBTAIN
23 BUSHELS. SHOULD WE WisH TO ADD 10 BUSHELS TO 3 GALLONS THEN THE ONLY
WAY THAT WE COULD WRITE THIS WOULD BE IN THE FORM |0 BUSHELS +3 GQALLONS.
IN OTHER WORDS, SINCE THESE ARE TWO DIFFERENT UNITS OF MEASUREMENT, THEY
CANNOT BE COMBIMED INTO ONE.
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WE HAVE A SIMILAR CONDITION TO CONTEND WITH IN RESPECT TO THE ADD-
ITION AND SUBTRACT ION OF LITERAL ALGEBRAIC EXPRESSIONS. FOR INSTANCE, 6D
+ 40 + To = |7p; or 4xvy + Txy +8xy = |9xy ETC, WHEREAS IN THE CASE OFSUB
TRACT 10N, WE HAVE |7a =5A = 12a anD 46x?v?=6x3v*= 40 x*vZ, SHOULD WE, HOW
EVER, WISH TO ADD TWO UNLIKE ALGEBRAIC EXPRESSIONS AS 3A AND 2B, THENTHE
ONLY WAY WE CAN INDICATE THIS ADOITION 18 THUS, 3A + 2B BUT THEY CANNOT
BE COMBINED INTO A SINGLE TERMs

THE RULE FOR THE AODITION AND SUBTRACTION OF LITERAL ALGEBRAIC EX~
PRESSIONS I8 Ags FoLLOWs: RuLet= MONOMSALS WHICH ARE ALIKE OR SIMJLAR CAN
BE ADDED OR SUBTRACTED BY ADDING OR SUBTRACTING THE COEFFICIENTS, |F THE
MONOMIALS ARE UNLIKE, THEN THE OPERATIONS CAN ONLY BE INDICATED.

EXAMPLES OF ADDITIONS

(n (2) (3)
+ 3 aBcC - 16 xvy? 17 a8
= € aBC + 3 xv3 - 3 X
+10 aBC - 4 xv? -4 ¢
-}€ aBc - T xv?¥ + 2 A%
- 3 aBC + 28 xv’? 17 AB =23x =4c3 +3a%
-2 aBC + 4 xvy?

ExXAMPLES OF SUBTRACT IONS

(1) (2) (3)

4 Ax% =21 x?%y 14 aB
=6 ax? 3 x*y -6 c
10 ax? =24 x%y 14 a8 + 6¢C

THE ADDITION AND SUBTRACTION OF POLYNOMIALS 1S SIMILAR TO THAT OF
MONOMIALSe SIMPLY WRITE THEM S0 THAT LIKE TERMS ARE IN THE SAME CO LUMN
AND COMBINE THE TERMS IN EACH COLUMN AS WITH MONOMIALS.,

ExamMPLE OF ADDITION? ExAMPLE OF SUBTRACTION @
+ 3 ax®+ 14y = 32 17 xy2? =}4 c*+ 4a
- 7 AX%= |6y%+ Tz 10 xy2 = 5 %= 8pa
+ 10 ax*=~ 4y*+ 9z 7 xy% = 9 c*+l2a
= T ax*+ |0y*=1]z

- Ax*+ 4y™+ 2z
TERMS WITH UNLIKE COEFF ICIENTS

IT OFTEN HAPPENS THAT WE W]SH TO ADD OR SUBTRACT TERMS WHERE  THE
COEFFICIENTS THAT ARE TO BE UNITED ARE NOT ALL NUMERICAL. FOR EXAMPLE,
ADD D% X, EZ X, AND CX BY UNITING THE COEFFICIENTS OF X « HERE THE  coO-
EFFICIENTS OFX ARE D%, E% AND Ce SINCE THESE ARE UNLIKE TERMS, THE ADDI~
TION CAN ONLY BE INDSCATED; THUs D°+ EZ+ c. WE MAY WRITE THE SUM THEN OF
o%x, E*x anD cx as (0> + €%+ c) x. SIMILARLY, THE sum OF 6x, 5x aND 2x
MAY BE WRITTEN (645+2) X; ALTHOUGH HERE THE COEFFICIENTS CAN ACTUALLY BE
UNITED AND EXPRESSED AS ONE symsoL, THUs |3X,

SIGNS OF GROUP ING

WHEN A S1GN OF GROUPING 1S PRECEDED BY A + OR = SIGN, IT INDICATES
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THAT THE EXPRESSION ENCLOSED BY THE SIGN OF GROUPING IS TO BE ADDED TO
OR SUBTRACTED FROM WHAT PRECEDES.

WHEN A PLUS SIGN PRECEDES A SIGN OF GROUPING, WE MAY REMOVE THE
SIGN OF GROUPING W]THOUT MAKENG ANY CHANGE IN SIGNS. THus, a+(e=c)= ate~c.
WHEN PRECEDED BY A MINUS SiGN, THE SIGN OF GROUPING MAY BE REMOVED IFTHE
81GNS WITHIN ARE CHANGED. THUS; A={e=c+D) = A ~ B + Cc = D.

THE REASON FOR THIS CHANGE JS THE SAME A8 FOR THE CHANGING OF THE
SIGNS N THE SUBTRAHEND WHEN SUBTRACTING.

WHEN THERE ARE SEVERAL SIGNS OF GROUPING,ONE W)THIN ANOCTHER, THEY
MAY BE REMOVED BY FIRST REMOVING THE [NNERMOST ONE, AND THEN THE NEXT
OUTER ONE, CONTINUING TiLL ALL ARE REMOVED,

ExampLER] t= SiMPLIFY 4Xx* =5y? +x = [Sx"" =3y —x)] .

BEGINNING WITH THE [NNER SIGN OF GROUPING,OR THE PARENTHESIS  IN
THIS CASE,OUR FIRST STEP IS AS FOLLOWS; 4x"—=5y”+x— [6x"-—3x -v*+x ], THew

Z
BY REMOVING THE BRACKETS WE HAVE; 4x® = 5y 4 x = 6x%+ 3x +1v -Qx. THEN
UPON COMBINING SIMILAR TERMS WE ARRIVE AT THE ANSWER OF —2X =4y +3x.

ExampLe #2:= SimpLiry 8= {7- (4+(2-x)]}
SoLuTton: 8= {7 = (4+ (2-x))}
= 8= {7 = (4+ 2=x)}
=8 {7 = 4 2+x}
8= T+ 4+ o=x
7=x (ANSWER)

INSERTION OF SIGNS OF GROUF (NG

ANY TERMS OF A POLYNOMIAL MAY BE ENCLOSED IN A SIGN OF GROUP INGPRE
CEDED BY A PLUES SIGN W{THOUT CHANGE OF S|GNS. THEY MAY BE ENCLOSED IN A
SICGN OF GROUPING PRECEDED BY A MINUS S{GN, PROVJDED THE SJIGN OF EACHTERM
WITHIN (S CHANGED FROM = TO OR FROM + TO =.

ExampLE #l:- ENCLOSE THE LAST THREE TERMS N THE EXPRESSION AX +BY
+ CO — E WI{THIN PARENTHESES PRECEDED BY A + S1GN,

SoLUTION! Ax + BY +cp = £ = ax+ (BY + co -~ E).

ExampLe #23—= ENCLOSE THE LAST THREE TERMS [N THE EXPRESSION AX +BY
+ CO=E W{THIN PARENTHESES PRECEDED BY A = SIGN.

SOLUT§ON: AX + BY + €D = E = Ax=(=ev—co+tE).

MULTIPLICAT ION

In THE MULTIPLICATION AS APPLIED TO /ALGEBRA, WE HANDLE POSITIVE
NUMBERS N THE SAME MANNER AS WHEN WORKING WITH REGULAR ARITHMET |CAL VAL~
UES AND WITH WHICH YOU ARE ALREADY FAM{LIAR, FOR INSTANCE; F WE WISH TO
MULTIPLY 5 BY 3, WE CAN WRITE THIS IN THE FORM 5 x 3 =5+ 5 + 5 = |5,

ALGEBRAICLY, WE COULD ALSO WRITE THIs as (+5) x (+3) = (45) + (+5) + (+5)
= +l50
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FROM THE PRECEDING CONSIDERATJONS, WE CAN ESTABLISH THE FOLLOWING
RULES FOR FINDING THE PRODUCT OF TWO ALGEBRAIC NUMBERS:

(l) THE NUMERICAL PART OF THE PRODUCT 1S THE PRODUCT OF THE ABSO-
LUTE VALUES OF THE MULTIPLICAND AND MULTIPLIER.

(2) THE S1GN OF THE PRODUCT 1S PLUS WHEN THE SJGNS OF THE MULT j=
PLICAND AND MULTIPLIER ARE ALIKE, AND MJINUS WHEN THEIR SIGNS
ARE UNLIKE,

THIS 1S TALLED THE LAW OF SIGNS IN MULT)PLICATJON AND MAY BE STAT-
ED AS FoLLOWS?

+

+
+

+

P+ 1 +
X X X X
1

CONT INUED PRODUCTS

To FIND THE PRODUCT OF THREE OR MORE NUMBERS, WE FIND THE PRODUCT
OF THE FIRST TWO, AND THEN MULTIPLY THIS PRODUCT 8Y THE THJRD AND sO ON
TILL ALL THE NUMBERS HAVE BEEN USED. THE RULES FOR SJIGNS IN MULTIPLICA—
TION OF TH}S TYPE ARE AS FOLLOWS?

(l) THE PRODUCT OF AN ODD NUMBER OF NEGATIVE FACTCRS 1S NEGATIVE.
(2) THE PRODUCT OF AN EVEN NUMBER OF NEGATIVE FACTORS 1S POSITIVE.

(3) THE PRODUCT OF ANY NUMBER OF POS{TIVE FACTORS 13 POSITIVEe

Thug, (=2)(=2)(=2) (=2)(<=2) = =32 wniLe (=2)(=2)(=2)(=2)(~2)(~2) =
484, THE FiIRST OF THESE EQUALS (=2)° AND 1S THEN READ "THE FIFTH_~ POWER
oF =2%, THE SECOND OF THE PRECEDING EXPRESSIONS 18 EqQuai Tu (=2)7.

To STILL FURTHER JLLUSTRATE TH}S POINT, LET US CONSJDER THEFOLLOW-
ING EXAMPLES?

(-2)" =(-2)(~2)= 4 = 2"

(=2)? =(=2) (=2) (~2)= ~8= =27

(=2)% =(=2) (=2) (=2) (=2)= 16 = 2°

(=2)° =(=2) (=2) (=2) (~=2) (~2)= =32 = =2°
-2%= =(2) (2) (2)(2)(2)= =32

(=3)* (=2)? = (=3) (=3) (=2) (=2) (=2)= =72
(4*)(3*) =4 x 4 x 3 x 3= 144

LAW OF EXPONENTS

THE LAW OF EXPONENTS STATES THAT THE PRODUCT OF TWO OR MORE POWERS
OF THE SAME BASE |S EQUAL TO THAT BASE AFFECTED WITH AN EXPONENT EQUAL TO
THE SUM OF THE EXPONENTS OF THE POWER.

ExamMpLES= MULTiPLY |4A’ 8% By =3a' 87
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SorLuTion:= |4 A’p*
- 3 A7
=42 aA78°

EXPLANAT ION!= SINCE THE MULTIPLIER |S COMPOSED OF THE FACTORs =3,
A%, AND B®, THE MULTIPLICAND MAY BE MULTIPLIED BY EACH SUCCESSIVELY. IN
EACH CASE, THE PRODUCT FOR ANY ONE OF THESE FACTORS IS8 OBTAINED BYMULT 1=
PLYING A SINGLE FACTOR IN THE MULTIPLICAND BY 1T. WE MULTIPLY BY =3, BY
MULT IPLYING |4 A®8%BY =3 WHICH GIVES =42 a>87 THIS 15 MULTIPLIED BY A4,
BY MULTIPLYING THE ATBY A*WHICH GIVES =42 A78%, THIS I8 MULTIPLIED BY B
BY MULT IPLYING THE 8%8Y B WHICH GIVEs =42 A78%AS THE ANSWER.

4

THIS MULTIRPLEICATION PROCESS, YOU W{LL NOTICE; IS CARRIED OUT BYDE=
TERMING N THE FOLLOWING ORDER:

(1) THE 8iGN OF THE PRODUCT.

(2) THE COEFFICIENT OF THE PRODUCT.
(3) THE LETTERS OF THE PRODUCT.

(4) THE EXPONENTS OF THESE LETTERS.

THUS N THE EXAMPLE JUST EXPLAINED, THE SIGN IS + X = = —=;THE CO~—
EFFICIENT §s [4x3 = 42; THE LETTERS ARE Q AND Bj AND THE EXPONENTS ARE
FOR A, 34 = 7, AND FOR B, 2+3 = 5.

Now THAT YOU HAVE SEEN HOW WE MULTIPLY A MONOMIAL BY A MONOMIAL,
LET US NEXT TURN OUR ATTENT[ON TO THE METHOD EMPLOYED FOR MULTIPLYING A
POLYNOMEIAL BY A MONOM{AL,

TO MULTIPLY A POLYNOMIAL BY A MONOMIAL

THE PRODUCT OF A POLYNOMJAL AND A MONOMIAL S FOUND BY MULTIPLYING
EACH TERM OF THE MULTIPLICAND 8Y THE MULTIPLIER AND TAKING THE ALGEBRAIC
sUM OF THESE PARTIAL PRODUCTS.

4
ExaMPLES= MULTiPLY 7 ax? = 21 as?= 3 x%evy 2 a%s8’x™,

Process:— 7ax?= 21as%= 3x% (MULTIPLICAND)
_oa?8%x 4 (MULT [PLER)
1443 8%x7= 42487 x4~ 6A%B%x°(ANSWER)

EXPLANATION:= F{R8T MULTIPLY THE FIRST TERM OF THE MULTIPLICAND OR
Tax®sy 2a%83x4|N THE SAME MANNER AS JUST EXPLA INED FOR MULTIPLYING A
MONOMIAL BY A MONOMIALs PLACE THIS RESULT AS THE FIRST TERM N THE PRO=
DUCT AND THEN MULT IPLY THE SECOND TERM OF THE MULTIPLICAND OR =21 aB? sy
2a78%x 4%, PLACING THIS RESULT AS THE SECOND TERM OF THE PRODUCT. FINALLY,
MULTiPLY THE LAST TERM OF THE MULTIPLICAND OR =3x2BY 2A%B?X AND PLACE
THIS RESULT AS THE THIRD TERM IN THE PRODUCT.

TO MULTIPLY A POLYNOMIAL BY A POLYNOMIAL

RuLei= To MULTIPLY A POLYNOMIAL BY A POLYNOM{AL MULTIPLY EVERY TERM
OF THE MULTIPLICAND BY EACH TERM OF THE MULTIPLIER, WRITE THE LIKE TERMS
OF THE PARTIAL PRODUCTS UNDER EACHOTHER AND FIND THE ALGEBRAIC 8SUM OF
THE PART{AL PRODUCTS,.
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ExaMPLE:— MULTIPLY X*+ 3xy — 2vZgy 2xy — 2v7*

Processt~ x*+ 3xy — 2vZ(MuLTIPLICAND)

oxy = 2y % (muLTIPLIER)
(ster #1) 2xv?+ B6x*y*= 4xy?
(sTer #2) ~2x%y% = Bxv’+ 4v2
(sTer #3) oxv3+ 4x2y3= |Oxy3+ 4v? (aANSWER)

ExXPLANAT JONS=—

OBSERVE IN THE FOREGOING PROCESS THAT OUR FIRST STEP |8 TOMULT|PLY
THE ENTIRE MULTIPLICAND 8Y 2XY GIVING US 2xY + Bx?yZ*4xy3as sHown IN
"sTer #1". THE NEXT STEP IS TO MULTIPLY THE ENTIRE MULTIPLICAND BY THE
SECOND TERM OF THE MULTIPLIER =2YZ|N ORDER TO OBTAIN THE RESULT
=2x2 y%=Bxy>+ 4yYN "sTeP #2", OBSERVE THAT THE TERMS OBTAINED I STEP #2
ARE PLACED UNDER CORRESPONDING TERMS A8 APPEAR IN STEP #l. IN sTer #3 we
ADD SIMILAR TERMS APPEARING IN STEPS #| AND #2 AND OBTAIN OUR FINAL RE-
SULT OR ANSWER OF 2XY>+ 4x2yZ=10xv>+ 4v4,

Now LET uS CONSIDER THE MULTIPLICATION PROCESS WHEN THREE TERMS A—
PPEAR IN BOTH THE MULTIPLIER AND MULTIPLICAND.

ExAMPLES= MuLTIPLY 3a+ 38°+ aB BY B’=2a’8 +aB~

Process:— 3a*+ 38°+ as (MuLTIPLICAND)
B> = 2a%8 + ap?*{MuLTiPL{ER
(sTer #1) 3a® 8%+ 385+aB4
(sTer #2) ~6a%p3 =G5at g=2a% g%
(ster #3) _ _+ atg? +3a84 +3a3 8%
-2a28%+ 385+4aB9=-6a%*p+a® B?% (ANSWER)

ExpLANATION:= THE FIRST STEP OR "sTer #1" OF THE FOREGOING PROCESS
CONBISTS OF MULTIPLYING EACH TERM OF THE MULTIPLICAND BY THE FIRST TERM
OF THE MULTIPLIER OR B>AND THIS GIVES us 3A7 8%+ 38°+ AB?AS THE PARTIAL
PRODUCT IN "sTEP #1". IN ORDER TO OBTAIN THE PARTIAL PRODUCT FOR MsTEP
#2", WE MULTIPLY EACH TERM OF THE MULTIPLICAND BY THE SECOND TERM OF THE
MULTIPLIER OR —=2A”B AND THIS GIVES US —Ba* 8?=6a%B —=2a” B*AS THE  SECOND
PART AL PRODUCT,

IT 13 IMPORTANT THAT WE PLACE THE VARIOUS TERMS OF THE SECONDPAR=
TIAL PRODUCT DIRECTLY BENEATH SIMILAR OR CORRESPONDING TERMS OF THE
FIRST PARTIAL PRODUCT. IN OTHER WORDS, THE TERM —6A” 870F STEP #2 MUST BE

DIRECTLY BELOW THE TERM 3AZB’0F STEP #| AND SINCE THERE ARE NO TERMS
HAVING THE COEFFICIENTS At8 AND A% 8% IN THE PARTIAL PRODUCT OBTAINED IN
sTer #1, THE Terms —6a%e aND —2a% B*0oF sTEP #2 MUST BE PLACED TO THE

RIGHT OF THE LAST TERM APPEARJNG IN STEP #'o

To 0OBTAIN THE PARTIAL PRODUCT APPEARING IN STEP #3 WE MULTIPLY
EACH TERM OF THE MULTIPLICAND BY THE THIRD TERM OF THE MULTIPLIER OR
+ aB%AND THEREBY OBTAIN THE PART AL PRODUCT A B>+ 3Jasi+ 3a” 8*AND WE
PLACE THESE THREE TERMS D{RECTLY UNDER THE SIMJLAR TERMS APPEARING IN
THE PARTIAL PRODUCTS OBTAINED IN sTEPS #| ano #2. OUR FINAL STEPTHEN 18
TO ADD ALGEBRA|CALLY THESE THREE PARTIAL PRODUCTE AND IM THIS WAY  OB-
TAIN OUR FINAL PRODUCT OR ANSWER =2a% B°+38’+4a8°=6a%8 +4°8%,
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DIVISION

D§ViSiON 1S THE INVERSE OF MULTIPLICATIONe THAT 18, THE QUOTIENT
MUST BE AN EXPRESSION THAT MULTIPLIED B8Y THE Di{VISOR WiLL GIVE THE OIVi—
DEND,

FROM THE LAW OF SIGNS AND THE LAW OF EXPONENTS N MULTIPLICATION WE
HAVE THE FOLLOWING RULES?

(1) IN DIVIDING, LIKE SIGNS GIVE A POSITIVE AND UNLIKE S8IGNS GIVE
A NEGATIVE SIGN FOR THE QUOTIENT,

(2) N DIVIDING POWERS OF THE SAME BASE, THE EXPONENT OF THE QuO—
TIENT EQUALS THE EXPONENT OF THE DIV IDEND MINUS THE  EXPONENT
OF THE DiVISORe

THiS APPLIES, BY DEFINITICN OF THE POSITIVE INTEGRAL EXPONENT, ONLY
WHEN THE EXPONENT OF THE DIVIDEND S LARGER THAN THE EXPONENT OF THE Ot-=
visoR., THUs A5 = A% = a%; BUT WHEN THE EXPONENTS ARE EQUAL AND WE  sue~
TRACT, WE OBTA [N THE EXPONENT 0O, WHICH 1§ MEANINGLESS.

IN DIVIDING THE SAME POWERS OF THE SAME BASE, THE QUOTIENT 18 |,
THus a%% A% = | AND IN GENERAL A"+ A = .

DIVISICN OF ONE MONOMIAL BY ANOTHER

THE STEPS TO EMPLOY FOR THE DIVISICN OF ONE MONOMIAL BY ANOTHER IS
A8 FOLLOWS:

(1) DETERMINE THE SiGN OF THE QUOTJENT
(2) DETERMINE THE COEFFICIENT
(3) DETERMINE LETTERS AND EXPONENTS.

REMEMBER THAT [N THE PROCESS OF DIVIS|ON WE DJVIDE WHERE WEMULTIPLY
IN MULTIPL{CATION AND WE SUBTRACT EXPONENTS WHERE WE ADD EXPONENTS INMUL~-
TIPLICAT[ON,

4
ExampLe: — Divioe 2547 X% sy =5a% x?
Process: — CARRIED OUT IN STEPS, THIS WOULD BE AS FOLLOWS!

25L=5 = =5
A% - A%= A
X7+ xX3?= Xx*

THEREFORE 25a% X7+ =BaZ X’= =54 X*(answeRr)

THE LAST OF THESE ABOVE LINES ONLY SHOULD BE WRITTEN DOWN INPERFORM
NG THE WORKe, THE FIRST THREE STEPS ARE MENTAL OPERATIONS AND ARE ONLY
PLACED HERE FOR GUIDANCE,

THE DIVISION OF ONE MONOMJAL BY ANOTHER MAY ALSO BE PERFORMED AS A
CANCELLATION, FOR EXAMPLE, IF WE RECALL THAT AN EXPRESSION LIKE 4aZ 83
MEANS 4A.A,BeBeB, WE MAY WRITE |6A% 8% % 4a% 8% IN THE FORM
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Now BY CANCELLING THE FACTORS COMMON TO THE DIVIDEND AND DIVISOR
(THAT 18 CROSSING=OFF SIMJLAR FACTORB) THE PRODUCT OF THE FACTORS REMA IN—
ING IN THE DIVIDEND I8 THE QUOTJENT, THIS PROCESS 18 TOO LONG FOR RAPID
WORK WITH COMPUTATIONS OF THIS TYPE BUT IT MAY CLEAR UP POINTS INDIVISION
INVOLVING ALGEBRA WHICH MAY AT FIRST TROUBLE A STUDENT,

DIVISION OF A POLYNOMIAL BY A MONOMIAL

ExamMPLE: — DIvIDE 244° Y> — 964’ v°sy 8a v
Processt—~ 84% v?) 2445 y>= 96a°5v©
3A = |2avy3

RuLEs=~ THE DIVISION IS PERFORMED BY DIVIDING EACH TERM DF THE DJvV—
IDEND BY THE DIVISBOR, BEGINNING AT THE LEFT.

ExpLANATION:= NOTJICE THAT IN THE PROBLEM JUST PRESENTED, WE  FIRST
DIVIDE THE NUMBER 24 BY B8 WHICH GIVES US 3 AS THE FIRST NUMBER OF THE DJ—
VI8oRe WE THEN DIVIDE THE FIRST A> OF THE EXPRESSION 24 A’ ¥?By a%oF  OUR
DIVISOR WHICH GIVES US THE "a" To FORM 3A AS THE FIRST EXPRESSION OF THE
QUOTIENT., THEN BY DIVIDING =96 A% Y®OR THE SECOND EXPRESSION OF THE DIVID—
END BY THE DIVISOR 8 AYY>WE FIND THAT =9858 = =12; a®+a*= a anD ves vi=
v? AND OUR QUOTIENT THEN BECOMES 3A — |2 av3,

PRACT ICE PROBLEMS

THE FOLLOWING 18 A GROUP OF PRACTICE PROBLEMS WHICH WJLL GIVE You
THE OPPORTUNITY OF PUTTING INTO USE THE VARJOUS ALGEBRAIC PROCESSESS WHICH
WERE EXPLAINED TO YOU IN THIS LESSON., YOU WJLL ALSO FIND THE ANSWERS HERE
GIVEN FOR EACH OF THESE PRACTICE PROBLEMS 80 THAT YOU CAN CHECK YOUR OWN
WORK e

WHEN YOou FEEL THAT YOU HAVE MASTERED THIS WORK AND SOLVED ALL OF
THESE PRACTICE PROBLEMS SATISFACTORILY, THEN YOU ARE READY TO ANSWER THE
EXAM INATION QUESTIONS WHICH APPEAR AT THE END OF THI8 LESSON.

I FiND THE S8UM IN THE FOLLOWING EXERCISES.
lo +7, —'D, -’3, +'6, +25, -3 Ge0o000acsssescecsses ANSWER =22
2. 43, +16, =21, =, 42, +| cececcscccsccscessses ANSWER = 0
e 2x+3a4M, 2v= 3a~m cecescsscscssesccsssses ANSWER =2X+2v

JT PerrorM THE FOLLOWING EXAMPLES IN SUBTRACTION,
le FROM 3AX=4CD TAKE |0 AX=2CD ccevecoscocssscssese ANSWER =TAX =2CD
2. From MEOMN + NETAKE M+ OMN + NZeeeeececcseses ANSWER =4 MN

TIT SimMPLIFY BY REMOVING THE S1GNS OF GROUP ING AND UNITING THE LIKE TERMS
IN THE FOLLOWING!? :
loe 4a 478 = (3AHOB) ceevececcocevesccaracsssscesses ANSWER=zA+EB
20 5-3X+(-|8+2X) 060 000000600000 0000000000000 00000 ANSWER= -|3-x

IV FIND THE PRODUCT OF THE FOLLOWING?
le 10 AB® AND 3A%B eoeccecocsccscacssssscscsssssss ANBWER= 30a% 87
2. 582—(5"‘691"754) ooo-oooaooooo.ca»oonoo.ooAﬂﬁ“ﬂ‘:ﬁ 2591"'3084-3586

¥ FREE THE FOLLOWING S1GNS OF GROUPING AND SIMPLIFY 2
2

'o (A+B)(A-B) ©5000000000m00¢0s0 0006000000000 c000¢0 ANSWERzA -8B

2¢ (Zx%4HAB) (3XT=AB) ceevssecrcocosoosessssscANBWER= Ox*=a” 8"
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YI. PERFORM THE FOLLOWING PROCESSES OF DIVISION:
I. 1822 82 x BY BAzBX ANSWER = -6AB
. =42a%u2yd gy a2 MZ ANSWER = -6aY3
E. 1223 & 3A4 + 18a% gy 33 ANSWER = L4 4+ & 4+ 6a%
. 2Ux*y® o 8x*vy¥ _ 2lxy? gy B« ANSWER = 3xv2? - xIy5 o 3y2?
LESSON N 0. AS-6
Vad
2 07(
| . - WHAT is THE suM oF 2a* - Ucp, -8a%* - Tco, -25a% 4 I6co° »
\ =
2. - Aob Tx* = Oy = lixy, B¢ - bxy - I1y? +§7&2 -
3. - FroM Ax® 4 3av? - 4z? susTRACT 2ax% + 3av? - hz T
b. - Take 2x¥- v® rFroM THE suM oF x’= 2xv + 3v2 anD xy + Uv2
5. = SIMPLIFY BY REMOVING THE SIGNS OF GROUPING AND UNITING
THE LIKE TERMS IN THE FOLLOWING EXPRESSION:
A -2 - [38-(8-c) -5
6. = COLLECT ALL THE COEFFICIENTS OF X IN THE FOLLOWING WITH
IN PARENTHESES PRECEDED BY A MINUS (=) SIGN:
2cx - box + 6ex - 2x
7. = MuLvipPLy 5x « 4y sy Ix = 2v.
8. - FREE THE FOLLOWING EXPRESSION OF SIGNS OF GROUPING AND
SIMPLIFYING:
5(x% = aB) + 6(x? + aB)
9. = MuLTipLy 4x® - 3x%y +5xv% - 6v¥ BY 5x + 6v.
0. - Divipe 4247 - 142 4+ 28a BY 7a.
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ALGEBRA II

THIS LESSON §8 A CONTINUATION OF THE PRECEDING ONE, THEREFORE [ g
18 IMPORTANT THAT YOU MASTER “THE PAST LESSON BEFORE GOING AHEAD WITHTHIS
OoNE., YOU WiLL FIND THAT, TOGETHER, THESE TWO LESSONS TREATING WITHALGEBRA
WILL GIVE YOU A GOOD UNDERSTANDING OF THJ8 SUBJECT.

YOou ARE NOW PREPARED TO LEARN ABOUT FACTORS AND THE PROCESS OF FACY
ORING AS APPLIED TO ALGEBRAIC EXPRESSIONS,.

FACTORS OF A POLYNOMIAL WHEN ONE FACTOR 1S A MONOMIAL

By LOOKING AT THE EXPRESS ION [4ax + 28Ay + 84az, IT CAN READILY BE
SEEN THAT EACH TERM OF THIS EXPRESSION CAN BE DIVIDED BY 14A.THE QUOTIENT

THUBS BECOMING X + 2y + 62,

IT THUS FOLLOWS THAT THE PRODUCT OF X+2v+6z anND [4a 18 14ax+28A v+

84AZ AND WE THEN SAY THAT l4a ANC .

X+2v+82 ARE THE FACTORS OF [4ax+
28av+84az,

THE RULE THUS BECOMES: THE
FACTORS OF A POLYNOMIAL SIMILAR
TO THE FOREGOING ARE A MONOMIAL,
CONTA INING ALL THAT 18 COMMON TO
EACH TERM OF THE POLYNOMIAL AND
THE QUOTIENT FOUND BY DIVIDING THE
POLYNOMIAL BY THE MONOMIAL.

ExampLE: FACTOR THE EXPRESS™
ton  4x—2axBE6AXT , Bv INSPECTION
IT WILL BE SEEN THAT THE MONOMIAL
FACTOR 16 2AXs THEN BY _ DIVIDING
THE POLYNOMIAL 4Ax=2aX264X" BY
OAx,WE OBTAIN 2ax—x+3ax WHICH IS

Mathematics Is Essential To The
Laboratory Technicilan.
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THE OTHER FACTOR. THE FACTORS ARE WRITTEN IN THE FORM 2Ax(2A-x+3Ax).
SQUARES AND SQUARE ROOTS OF MONOMIALS

BY THE PRINCIPLES OF MULTIPLICATION ALREADY GIVEN, THE SQUARE oF a
MONOM AL MAY. BE FOUND AS FOLLOWSS

(1) THE stan 18 ALwAYs PLus,

(2) THE NUMERICAL COEFFICIENT 18 THE SQUARE OF THE NUMERI]CAL co-
EFFICIENT OF THE MONOMJAL,

(3) THE EXPONENT OF ANY LETTER I8 TWICE THE EXPONENT OF THE SAME
LETTER IN THE MONOMJAL.

Tus (542 8%)° = 254% 8®anD (-4 820)* = 1648 %02,

THe SQUARE ROOT oF A MONOMIAL CAN BE FOUND 8Y DOING THE INVERSE PRQ
CESS8ES TO THOSE FOR FINDING THE SQUARE of a MONOMIAL. THE RULES FOR EX—
TRACT ING THE SQUARE ROOT FOLLOW!

(1) THE sQUARE ROOT can BE FOUND OF A POSITIVE NUMBER ONLY.

(2) Tve NumeERTCAL COEFFICIENY |S THE SQUARE ROOT OF THE NUMERICAL
COEFFICIENT OF THE MONOMIAL,

(3) THE EXPONENT OF ANY LETTER 1§ ONE=HALF THE EXPONENT OF THE SAME
LETTER IN THE MONOM AL,

IT THus FOLLOWS THAT THE MONOMIAL OF WHICH THE S8QUARE ROOT IS TOBE
TAKEN MUST HAVE A NUMERICAL COEFFICIENT THAT S A PERFECT SQUARE AND ALL
THE EXPONENTE MUST BE EVEN NUMBERS, OTHERWlSE, THE SQUARE ROOT CANNOT B8E
FOUND EXACTLY,

ExampLes \[16a% 82= 44% B anD V225x* v62%= 15x2v?z BuTVIOA® 8CAN ONLY

BE ExPRESSED A8 VI0AZ 8>ano V354° 6 CANNOT BE FOUND EXACTLY,

THE SQUARE OF A BINOMIAL

2
THE ExPRESSION (A+8) DENOTES THAT THE BINOMIAL (a+8) 18 1O BE
SQUARED OR MULTIPLIED BY ITSELF, THIS CAN BE WORKED AS FoOLLOWS?

A+ 8
—A_t B
A4 aB
+ AB + 8%
A+ 2aB + g2

THIS same WORK, HOWEVER, CAN BE GREATLY SIMPLIFIED BY APPLYING THE
FOLLOWING RULES?

(1) THE S8QUARE OF THE SUM OF TWo NUMBERS (or LETTERS) EquaLs THE
SQUARE OF THE FIRST PLUS TWICE THE PRODUCT OF THE FIRST BY THE

SECOND PLUS THE SQUARE OF THE SECOND,
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(2) THE SQUARE OF THE OIFFERENCE OF TWO NUMBERS EQUALS THE SQUARE
OF THE FIRBT MINUS TWICE THE PRODUCT OF THE FIR3T BY THESECOND
PLUS THE SQUARE OF THE SECOND.

THE USE OF THESE PRINGIPLES WILL SAVE MUCH WORK IN WMULT IPLICAT|ON.
ExameLE 12 FIND THE VALUE oF (cot+e)

EXPLANATION: THE SQUARE OF THE FIRST TErM = (cp) = o 0%,

TwWiCE TME PRODUCT OF THE FIRST BY THE sEconD = 2(co)E = 2¢oE.

THE SQUARE OF THE SECOND TERM = E’,

Tuererore, (cot+e)’ = c*o’+2coete”

ExaverLe 2t (2a+8) = 44 +4ae” +8*

ExampLe 3t (2x2=3v?)"= 4x*—12x" y>49v°.

THE PRODUCT OF THE SUM OF TWO NUMBERS
BY THE DIFFERENCE OF THE SAME TWO NUMBERS

By muLTipLicaTiON (a+B)(a=~8) = A’=a}

LN

SINCE'A’ AND 'B” ARE GENERAL NUMBERS, WE MAY USE THI3 BTATEMENT AS A
FORMULA AND 80 WRITE AT ONCE, WITHOUT ACTUAL MULTIPLICATION, THE PRODUCT
OF TME SUM AND THE DIFFERENCE OF ANY TWO NUMBERS., THE FORMULA MAY BE
TRANSLATED INTO WORDS AS FOLLOWS? THE PRODUCT OF THE SUM AND THE OIFFER-
ENCE OF TWO NUMBERS EQUALS THE DIFFERENCE OF THEIR SQUARES,

ExampLe 1t (2c+38) (20~38) = 4c*~98*
ExampLe 28 (1642)(16=2) = 18°=2%= 256~4 = 252.
FACTORS OF THE D|FFERENCE OF TWO SQUARES

FROM A CONSIDERATION OF THE PRECEDING,IT 18 EASILY SEEN THAT THE
DIFFERENCE OF TWO SQUARES CAN BE FACTORED {INTO TWO BINOMIAL FACTORS THAT
ARE, RESPECTIVELY, THE S8UM AND THE DIFFERENCE OF THE SQUARE ROOTS OF
THESE SQUARES,

ExamprLe 13 4=a" = (2+a)(2=a)

ExampLE 28 164" =9v?= (4a% +3v) (4a" =3v),

THE PRODUCT OF TWO BINOMIALS HAVING ONE COMMON TERM

By MULTIPLICATION, WE FIND THE FOLLOWING PRODUCTS?

(1) (a+2)(a+3) = A2 +5a+6
(2) (a=2)(a=3) = a>=5a+6
(3) (a+2)(a=3) = A*=a=6
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(4) (a=2)(a+3) = aA*+a=6
(5) (a+8)(a+c) = A* +(o+c)atec.

FroM AN INSPECTION OF THE FOREGOING, THE TRUTH OF THE FOLLOWING
STATEMENTS CAN BE SEENS

THE PRODUCT OF TWO BINOMJALS, HAVING ONE COMMON TERM AND THE OTHER
TERM8 UNLIKE, (5§ A TRINOMIAL CONS ISTING OF THE BQUARE OF THE COMMON TERM,
THE ALGEBRAIC 8UM OF THE UNLIKE TERMS TIMES THE COMMON TERM, AND THE PRQ
DUCT OF THE UNLIKE TERMSe

Thus IN (1) oF THE PREVIOUS EXAMPLES, THE COMMON TERM 38 "aA"  anD
THE UNLIKE TERMB ARE 2 AND 3. THE SQUARE OF THE COMMON TERM 18 A%, THE
ALGEBRAIC 8UM OF THE UNLIKE TERMS 18 243 = 5 anD THIB TIMES THE  COMMON
TERM 18 b TIMES A = 5a. THE PRODUCT OF THME UNLIKE TERMS 18 2x3 = B.Henck
THE RESULT (a+2) (a+3) = a¥+5a+6.

LikewiSe 1N ExampLe (3), THE SB8QUARE OF THE COMMON TERM 18 A%, THE
ALGEBRAIC SUM OF THE UNLIKE TERMS I8 THE SUM OF +2 AND =3, OR =|, THis
TIMES THE COMMON TERM A 18 =A, THE PRODUCT OF THE UNLIKE TERMS 18 2TIMES
=3 = =6, Hence THE RESULT (A42)(A=3) = a*=a=G.

TO FACTOR A TRINOMIAL INTO TWO BINOMIALS WITH ONE COMMON TERM

By rurTHER 8TUDY OF THE ALQEBRAIC MAN IPULAT IONS AS JUST EXPLA INED,
ONE CAN FORESEE THE POSSIBILITIES OF FACTORING A TRINOMIAL INTO TWO BN~
OMIALS WITH ONE COMMON TERM, TME METHOD OF FACTORING SUCH FORMS CAN BEST
BE SBEEN BY CONSIDERING SPECIFIC EXAMPLES?

ExampLE It FACTOR AT49a+20

2 By INSPECTION, IT WILL BE SEEN THAT THIB TRINOMIAL HAS ONE TERM
A"y THAT I8 A PERFECT SQUARE, THEREFORE, A, THE SQUARE ROOT OF A%, 1]
TO BE THE COMMON TERM OF THE FACTORS IF THERE ARE ANY. THE UNLIXE TERMS
OF THE FACTOR MUST HAVE A PRODUCT OF +20 AND A sum OF +9, By InspECTION,
IT WILL BE S8EEN THAT +5 AND 4 HAVE BUCH A PROOUCT AND sUM. Hemnce THE
FACTORS OF A*+3a+20 ARE (a+5)(a+4).

ExampLE 21 FACTOR A*=a=20

As BEFORE, THE COMMON TERM 18 A. THE UNLIKE TERMS MAVE A PRODUCT OF
=20 AND A 8UM OF =|, THE PRODUCT BEING =y ONE OF THE TERMS WILL HAVE TO
BE = AND THE OTHER +., THE sum BEING =y B8HOWS THAT THE LARGER IN ABSOLUTE
VALUE 18 =, THIS aives =5 AND +4 As THE NUMBERS,

Hence A"=a=20 = (a=~5)(a+4)
MANY TRINOMIALS THAT APPEAR TO BE OF THE XIND HERE CONS | DERED CAN-
NOT BE FACTORED IN THIS WAY, FOR INSTANCE, X“+Tx+5 CANNOT BE FACTORED N

THI8 MANNER, FOR WE CAN FIND NO INTEGRAL NUMBERS WHICH HAVE A 8uM OF 7
AND A PRODUCT OF 5,
EQUAT IONS

An EQUATION 18 A STATEMENT THAT wo EXPRESS 1ONS ARE EQUAL IN VALUE.
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THUS A=has 1S AN EQUATION. SO ARE A =TAts V = 4/3 2% anp 3x+4 = 10

THE PART TO THE LEFT OF THE EQUALITY 1GN 18 CALLED THE FIRST MEM-
BER OF THE EQUATION, AND THE PART TO THE RIGHT, THE SECOND MEMBER,

IF THE AREA OF A RECTANGLE 18 30 8Qe FT. AND THE ALTITUDE 18 4 FT.
WE HAVE 36 = 48, WHERE B STANDS FOR THE BASE OF THE RECTANGLE.Now 1T I8
EASY TO SEE THAT THE BTATEMENT, OR EQUATION 18 TRUE IF, AND ONLY IF 8 =
9. IN OTHER WORDS, 36 = 4x8. SucH AN EQUATION AS THIE, WHERE THE LATTER
WHOSE VALUE WE WI8H TO FIND HAS A CERTAIN VALUE, 1S CALLED A CONDITIONAL
EQUATION. THAT 18, THIS EQUATION 18 TRUE ON THE CONDITION THAT B = 9 AND
FOR NO OTHER VALUE OF B.

NOT ALL STATEMENTS OF EQUALITY ARE CONDITIONAL. For INSTANCE,
Y5
ii:%— = x=2 18 AN EQUATJION; BUT X MAY HAVE ANY VALUE WHATEVER AND 8TILL
MAKE THE EQUATION TRUE. THus IF X = 3, THE EQUATION BECOMES —%‘_ﬁé- = 32

orR | = |l ON THE OTHER HAND, IF Xx=4 WE GET 2=0, SIMILARLY, FOR ANY VAL™
UE WE GIVE Xe

THIS KIND OF AN EQUATION IS CALLED AN IDENT ICAL EQUAT ION,

THE NUMBER ASKED FOR IN AN EQUATION OR THE LETTER STANDING FOR 1T
18 CALLED THE UNKNOWN NUMBER, THE UNKNOWN QUANTITY, oR BRIEFLY,THE UN-
KNOWN. To SOLVE AN EQUATION 18 TO FIND THE VALUE OR VALUES OF THE UNKNOWN
THAT WILL MAKE THE EQUATION TRUE.

A LARGE NUMBER OF PROBLEMS, THAT ARE SOLVED BY MEANS OF ALQEBRA, IN
VOLVE THE EQUATION IN ONE FORM OR ANOTHERe THI8 MAKES THE EQUATION THE
MOST IMPORTANT TOOL OF ALGEBRAS IN FACT, 1T MAY BE LOOKED UPON AS A MORE
OR LESS COMPLICATED PIECE OF MACHINERY, WITH WHICH THE STUDENT SHOULD BE
COME FAMILIAR,

To BECOME FAMILIAR WITH THE MECHANIS8M OF THE EQUATION AND ITS APP—
LICATIONS REQUIRES TIME AND DRILL IN SOLVING EQUAT(|IONS. MucH OF THE WORK
IN SOLVING EQUATIONS I8 MECHAN ICAL IN THAT IT DOES HOT REQU IRE MUCH
THOUGHT IN IT8 PERFORMANCE. HowevER, THERE I8 A REASON FOR DO tNG EACH
STEP THAT 18 TAKEN,

SOLUT ION OF EQUATIONS

AS ALREADY STATED, TO SOLVE AN EQUATION 18 TO DETERMINE THE VALUE
OR VALUES OF THE UNKNOWN NUMBER OR NUMBERS IN THE EQUATION. LeT us NOW
CONS IDER SOME S IMPLE EQUATIONS AND THEREBY WORK OUT SOME GENERAL METHODS
OF PROCEDURE IN THE SOLUT IONe

ExampLE |t FIND THE VALUE OF X, IF =5 = 3. HERE ONE READILY SEES
By INSPECTION THAT X = 8 BUT THIS8 DOES NOT HELP US ANY IN BOLVING A MORE
COMPLICATED EQUATION. |F, HOWEVER, WE NOTICE THAT IN ORDER TO DETERMINE
X = B, 5 15 ADDED TO EACH MEMBER OF THE GIVEN EQUATION, WE HAVE A METHOD
OF PROCEDURE THAT WE CAN APPLY TO ANOTHER LIKE pROBLEM. WE HAVE THEN THE
FOLLOWING SOLUT JON?
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Given EQUAT JON, x5 = 3
AbDING 5 To EACH MEMBER, =45 = 245
CoLLECTING THE TERMS, X =8

THis PROCESS CAN BE SHORTENED AS FoLLOwWS?

=5 =2

X = 35

X =8
ExaMPLE 2:  SoLve ror Xy WP — X3 = |0
SOLUTION:  Given Equation . —_——— . . x+3 = |0
SUBTRACTING 3 FrROM EacH MEMBER — _ . _ __ __x+3=3 = |0=3
CoLiecTine The temws _ _ _ _ _ T T T X=17
SXAMPLE 33 SoLvE For B IF — o _._ 48 =38
SoLution:  Gyven EQuaTion, _ . _ _ _ 48 = 36
Divicing eacH Memecr v 4, &= 9
ExamMPLE 4t SoLve ror Xy IWF — e o . Ax4B=T = 2x+6
SoruTion: GIVEN EquATION _ __ — — — — __4x¥5~7 = 2x46
AbbINg 7 To BoOTH MEMBERS _ _ _ __ __ 4x+5 = 2x46+7
SUBTRACTING 5 FrROM 80TH MEMBERS __ __ __ __ Ax = 2x4+6+7=5
SuBTRACT ING 2% FROM BOTH MEMBERS __ _ __ __ 4x=2% = 6475
CoLLECTING THE TERMS — . —~——-2x=8
Divioing BoTH Memeers By &y — — - —_x=4,

NOTICE THAT WHEN A TERM IS ADDED TC OR SUBTRACTED FRoM BOTHMEMBERS
OF AN EQUATION, 1T 15 TRANSPOSED FROM ONE MEMBER TO THE OTHER AND IT8
SIGN 1&8 cHANGED. Now BY TH)s TRANBPOS ING, WE CAN BRING ALL THE TERMS THAT
CONTAIN THE UNKNOWN INTO THE FIRST MEMBER anp ALL THE OTHERS INTO THE
SECOND MEMBER, Tws GIVES A CONVENIENT FORM, FOR wE WIBH FINALLY TO HAVE
AN EQUATION IN WHiCH THE FORM 18!

UNkNOWN = gome NUMBER

STeps In SOLUTION: THE soLuTioN oF an EQUATION THAT 1s IN AsImpPLE
FORM MAY THEN BE CARRIED OUT IN THE FOLLOWING THREE gTEPSS

(1) TransPose arLe TERMS CONTAINING THE UNKNOWN To THE FIRST MEMBER,
AND ALL OTHER TERME TO THE sEcOND MEMBER. [N EACM CASE, CHANGE
THE SIGN OF THE TERM TRANSPOSED,
(2) Coireer The TERMS IN EACH MEMBER
(3) Divioe each MEMBER BY THE COEFFICIENT OF THE UNKNOWN
IT witL 8 Founp taTER THAT THERE ARE OTHER CHANGES To gE MADE IN
AN EQUATION THAT IS NOT In A S8IMPLE FORM, BEFORE THESE THREE 8TEPS  ARE
TO BE PERFORMED,

AXIOMS

AN AXIOM 15 A TRUTH THAT weE accept WITHOUT PROOF.THE soLUTjoONg of
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THE EQUATIONS AND THE CHANGES MENTiONED IN THE PREV [OUS EXPLANATIONS 8U~
GGEST THE FOLLOWING: AXJOMS?

(1) IF EQUAL NUMBERS ARE ADDED TO EQUAL NUMBERS, THE 8UMS AREEQUAL.

(2) IF EQUAL NUMBERS ARE SUBTRACTED FROM EQUAL NUMBERS, THE REMAIND
ERS ARE EQUAL.

(3) |F EQUAL NUMBERS ARE MULTIPLIED BY EQUAL NUMBERS, THE PRODUCTS
ARE EQUAL.

(4) |F EQUAL NUMBERS ARE O1VIDED BY EQUAL NUMBERS , THE QUOT JENTS
ARE EQUAL.

(5) NUMBERS THAT ARE EQUAL TO THE SAME NUMBER OR EGUAL NUMBERS ARE
EQUAL TO EACHOTHER.

(6) LIKE POWERS OF EQUAL NUMBERS ARE EQUAL.

(7) LikE ROOTS OF EQUAL NUMBERS ARE EQUAL.

(8) THE WHOLE OF ANYTHING EQUALS THE 8UM OF ALL 178 PARTSe
TESTING THE EQUATION

THE EQUATION PRESENTS THE FOLLOWING QUEST JONS WHAT NUMBER, IF ANY,
MUST THE UNKNOWN REPRESENT IN ORDER THAT THE TWO MEMBERS OF THE EQUATION
8HALL BE EQUAL’ THE SOLUTION OF THE EQUATION ANSWERS THIS QUESTION, BUT
1T §8 ALWAYS WELL TO TEST OR CHECK THE WORKe THis MAY BE OONE BY suBsSTI—
TUTING THE NUMBER OBTAINED FOR THE UNKNOWN N PLACE OF THE UNKNOWN LETTERe
{F THE TWO MEMBERS OF THE EQUAT ION ‘'THEN BECOME 1DENT ICAL, THE NUMBER SUB—
STITUTED 1S THE CORRECT ANSWER TO THE EQUATION.

ExamPLE: SOLVE AND TEST? 47Tx=1T7 = 235=3Tx

SoLUTIONS GIVE EQUATION 4Tx=1T = 235=3Tx

TRANSPOS ING 4Tx+3Tx = 235+17

COLLECTING TERMS 84x = 252

DiIVIDING BY THE COEFFICIENT OF X OR 84, x =3

TesTING BY SUBSTITUTING 3 FOR X IN THE EQuUATiON, [41=17 = 235~-111

COLLECTING TEFRMS GIVES THE IDENTICAL EQUATION, 124 = 124 whHICH
PROVES THAT THE ANSWER X = J 18 CORRECT.

EQUATIONS INVOLVING GROUPED TERMS

|F AN EQUATION HAS INDICATED MULTIPLICATIONS AND 81GNS OF GROUPING,
§T 1S USUALLY BEST TO PERFORM THE MULTIPLICATIONS AND REMOVE THE 8 §GNS
OF GROUP ING SEFORE PROCEEDING WITH THE SOLUTJION OF THE EQUAT 10Ne

ExampLE |2 FIND THE VALUE OF C FROM 4c+3[2c-4(c-2)]= 72=6¢
SOLUTION?

(1) Given EQUATION 4ct3 (2(:-4((:62)]: 72-6c
(2) SimpLiFving  4c+3(2c-4c48] = Ta-6¢C
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(3) SimpLIFYING 4c46c~12c+24 = Ta-6c .
(4) Transrosing 4c+6c=]2c4+6Cc = 7224
(5) CoiLecTing TERMS 4c = 48

(6) Divioing BY THE COEFFICIENTS OF ¢, o=I2
Test: 4943 244 (12-2))= 7272 0r 0 = 0.

EXAW-"LE 2 H SOLVE {OR X lN1THE FOLLOW ING EQUATIONS
(143x)"= (5=x)™+4( 1=x) ( 3=2x)

SoLuT 1oNs

(1) Given equaTion, (143x)* = (B=x)* +4 (1=x) (3~2x)

(2) Removing PARENTHES 18, |46x49x*= 25=10x+x>+| 2=203x+8x%
(3) Transposina, NP ex?=Bx+6x+ 10X+20X = 2542 |

'(4) CoLrecTing TERMS, 36X = 38

(5) Divioina ey 36, x=1,

Teat: (143)°= (5=1)%+ 4 (1=1)(3=2)
4%= 4*40
i6 = 16
EQUATIONS SOLVED BY THE AID OF FACTORING

TME EQUATIONS CONSIDERED 80 FAR HAVE REDUCED TO A FORM [N WHMICH A
CERTAIN NUMBER OF TIMES THE UNKNOWN EQUALED S8OME NUMBER. THUs 6X = |2 18
BUCH A ForM, THEY ARE CaLLED SIMPLE EQUAT IONS.

ALL EQUATIONS DO NOT REDUCE TO BUCH A FORM A8 THISs FOR INBTANCE,
WHEN THE EQUATION HAS BEEN REDUCED, WE MAY WAVE AN EQUATION IN WHICH THE
SQUARE oF THE UNKNOWN EQUALE SOME NUMBER. THUS X*= 5 18 sucH a FORM,
SucH AN EQUATION 18 CALLED A PURE QUADRATIC EQUATION,

‘AGAIN, WHEN THE EQUATION IS SIMPLIFIED AND REDUCED, WE MAY MHAVE A
FORM CONTAINING THE SQUARE anp THE FIRST POWER oF THE unscnown EQUALING

8OME NUMBER. THUS x%=5x = 24 ;g SUCH A FORMe SUCH AN EQUATION 18 CALLED
AN AFFECTED QUADRAT!C,

Some oF THESE FORM8 OF EQUATIONS, TOGETHER WITH CERTAIN OTHERFORMS
CAN BE SOLVED BY THE AlD OF FACTORING.

ExamPLE 12 SOLVE THE EQUAT)ON x*=Ex+6 = 0

ExPLANAT ON: THis EQUATION PRESENTS TNE FOLLOWING QUEST JONS For
WHAT VALUES OF X DOES XxZ=5x+48 EQUAL ZERO? |F WE FACTOR THE EXPRESS|ON N
THE FIRST MEMBER WE QET (x~2)(x=3) = 0. The QUESTION NOW 18 FOR WMAT val
UES OF X DOES THE PRODUCT (3=2) (x=3) mave THE VALUE zero! We xNow THAT
THE PRODUCT OF TWO FACTORS I8 ZERO (F EITHER, OR BOTH, FACTORS ARE ZERO
AND NOT OTHERWISE. HENCE THE PRODUCT g8 ZERO IF x~2 = 0, OR %=3 = 0,
THUB, THE 80LUTION X*=5x46 = 0 DEPENDS UPON THE SOLUTION OF THE TWO 8 jam—
PLE EQUATIONS, x=2 = 0 AND %=3 = 0, THESE GIVE THE VALUES 2 aND 3 FOR X,

THAT THEBE ARE THE VALUES OF X mAy BE TESTED BY SUBST ITUTING EACH
ONE SEPARATELY IN THE EQUATION x*=5x+§ = 0,

SuesTITuTING X = 2, GIVES 4~|0+6 = 0, 0R 0 = O
SussTiTUuTING X = 3, GIvES 91546 = 0, 0RO =0




PAGE 9

THE VALUES OF THE UNKNOWN NUMBER THAT SATISFY THE EQUATION, THAT 18,
ANSWER THE QUESTION, ARE CALLED ROOTS OF THE EQUATION.

A QUADRATIC EQUATJON HAVING ONE UNKNOWN LETTER ALWAYS HAS TWOROOTS.

ExamPLE |3 SOLVE THE EQUATION X =25 = 0

SoLuT I10NS

(1) GIVEN EQUATION — — — — — — — x =26 = 0

(2) FacTorING — — — — — — — — — (x+6)(x=B) =0

(3) PUTTING EACH FACTOR EQUAL TO ZERCs x+5 = 0 ano x=6 = 0
(4) Transposing — — — — — — — — X ==5 AND X =5

THis SAME PROBLEM CAN ALSO BE SOLVED IN THE FOLLOWING MANNERS

(1) GIVEN EQUATION — — — — — — — — — = x"=25 = 0
(2) TRANSPOSING — — — — —— — — —— — — = x* = 25
(3) TaKING THE SQUARE ROOT OF EACH EMBER OF THE
EQUATION: — — —— — —— — — — — — — — =ts
Here THE sient 18 READ "PLUS OR MiNUS" AND )T MEANS THAT 5 18 A

PLUS AS WELL A8 A MINUS QUANTITY. |T SHOULD BE NOTED HERE THAT WE ARESAY
ING THAT 25 HAS THE TWO SQUARE ROOTS +5 AND =B, EITHER OF THESE 18  THE
SQUARE ROOT OF 25, FOR (+5)*= 25 anD ALSBO (~5)*= 25. HencE BOTH FULFILL
THE DEFINITION OF A SQUARE ROOT, THAT 18, ONE OF THE TWO EQUAL FACTORS
INTO WHICH A NUMBER MAY BE DIVIDED.

WE HAVE THE FOLLOWING RULES OF PROCEDURE WHEM SOLVING AN EQUATION
B8Y THE AID OF FACTORING.

(1) SIMPLIFY THE EQUATION AS MUCH AS POSS IBLE.

(2) TrRANSPOSE ALL TERMS TO THE FIRST MEMBER OF THE EQUATI1ON.
(3) FACTOR THE EXPRESSION IN THE FIRST MEMBERS.

(4) EQUATE EACH FACTOR TO ZERO

(5) SoLVE EACH OF THESE EQUATIONS.

FORMULAS

A FORMULA AS GIVEN USUALLY STANDS SOLVED FOR ONE LETTER IN TERMS
OF SEVERAL OTHERS. FOR EXAMPLE, OONSIDERING THE Formuta T =ph +2A,WEMAVE
T STATED IN TERMS OF P,H, AND A.

IT OFTEN HAPPENS THAT ONE WISHES TO EXPRESS H, FOR INSTANCE, IN
TERMS OF T, P AND A. 1O DO THIS, IT I8 ONLY NECESSARY TO SOLVE THE FORM=
ULA A8 AN EQUATION AND FIND THE VALUE OF THE PARTICULAR LETTER DES IRED
IN TERMS OF THE OTHERSe

ExaMPLE: SOLVE THE FORMULA T = p+OA FOR EACH OF THE OTHERLETTERS.
SoLUT10N: HERE THERE ARE THREE LETTERS OTHER THAN T AND WE  SHALL
GOLVE FOR P,H, AND A IN TURN.

(1) GIVEN EQUATION __ . — — —— — — — T = pHi2A
(2) TrANBPOSING — — — — — — — — —-pH = = T+2a
(3) DiviDING BY THE COEFFICIENT OF P WHICH IS

—M AND INDICATING THE DIVISION WE HAVE, P = T=0a
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(4) SoLving sTEP (2) FOR H WE HAVE — — — — — - =
(5) To soLve FOR™A"TRANSPOSE 8TEP (1) As FOLLOWS =PA = =T+4pH
(8) DiviDING BY THE COEFFICIENT OF A'WHICH 18 2,

WE OBTAIN

ALGEBRAIC FRACT|IONS

You ARE ALREADY FAMILIAR WITH THE USE OF FRACTIONS AS APPLJED TO
ARITHMETIC AND YOU WILL FIND THAT IN ALGEBRAIC EXPRESSJIONS INVOLVINGFRAQ
TIONS, THE SAME PRINCIPLES ARE APPLIED AND THE S8AME OPERATIONS PERFORMED
AS N ARITHMETIC.

REDUCT ION OF A FRACTION TO ITS LOWEST TERMS

As YOU WILL RECALL FROM YOUR PREVIOUS STUDIES OF ARITHMET IC,A FRAQ
TION I8 IN ITS LOWEST TERMS WHEN THERE 18 NO FACTOR COMMON TO BOTH NUM-
ERATOR AND DENOMINATOR, THE SAME APPLIES TO ALGEBRA., 1O REDUCE AN ALGE—~
BRAIC FRACTION TO (TS LOWEST TERMS, WE FIRST FACTOR EACH TERM OF THE FRA
CTION AND CANCEL THE COMMON FACTORS,

ExampLe 13 Reouce _6x>¥> TO 1TS LOWEST TERMS
|2x4 v4

Process; Bx*v3 = 2-3' 5’ x- ¥ .¥'- A = 1

12x7v4 T2 2. F e x-x ANy T Oy

ExampLE 2: Reouce x ey ? TO 1TS LOWEST TERMS
x242x v+y?
Process: _x%=y? X—=y XY
X240 vHy2™ (x+y)  x+v
Exampre 33 nN247n=30 _ (n+| — NHIQ

N2=7nH12 (= 4) (=3 N =4
THE LOWEST COMMON MULTIPLE
To FIND THE LOWEST COMMON MULTIPLE OF A GROUP OF ALGEBRA|CEXPRESS—
ION8, THE FIRST STEP IS TO SEPARATE EACH TERM INTO IT8 PRIME FACTORS. THIS
DONE, THE LOWEST COMMON MULTIPLE IS FOUND 8Y TAKING EACH FACTOR THE GREAT

ES8T NUMBER OF TIMES IT 1S FOUNO IN ANY EXPRESS | ON,

a
ExaMPLE 12 FIND THE LoCoM, (LOWEST cOMMON MULT IPLE) OF 12x Y, 16xy >

AND 24x7y

ProcEsSs: 12x%y = 22 3. x%. y
16xy3 = 24 x . v3
24x3v = 2% 3 .x%y

THEREFORE L. CeM 2% 3+ x7 v3= 485 v3

z
ExaMPLE 2! FIND THE LeCoM. OF XZ+2XVHYZAND X =vZ.

Process: X2 +2x vy 2= (x+v)?
X2y 2= (x+v) (x=v)
THEREFORE, LiCoMe= (x+¥)%(x=v)
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THE LOWEST COMMON DENOMINATOR

THE METHOD OF FINDING THE LOWEST COMMON DENOMINATOR (LoC.Do) FOR A
GROUP OF ALGEBRAIC FRACTIONS CAN BEST BE EXPLAINED BY MEANS OF THE FOLL—
OWING EXAMPLE?

ExamMPLE? CHANGE _X_ , Y4 s AND TO FRACTIONS
=2 Y Hdy=|2 vdv
HAVING A LoCoe Do

PRoceESs: TO FIND THE LeCeDe, PROCEED AS FOLLOWSS

. Y=2 = y=2
Y 4|2 = (v48)(v=2)
v 48y =y(v+8)
THEREFORKE LeCoMe= Y{¥4+8) (v=2)

TO CHANGE THE GIVEN FRACTIONS TO FRACTIONS HAVING Y({v+8)(w=2) as
AN LoCoeDe WE HAVE?

(l)_L _?J.(!ﬁs)._ _?1_&_‘1__
v{v+6) (v=2) yi44w=]2 v’+4v"-l¢v

(2) Z = = = Zy
vidde-]2 (v+8) 1:27 v( @—(v—e) Yo+ 3= | Ov

(3) T— = = y(y=2) _ _yly=z)
+6v v(v8) ~  v(w8)(w=2) vIH4y*=|2v

ADDITION AND SUBTRACTION OF FRACT ICNS

ALGEBRAIC FRACT [ONS CAN BE ADDED OR SUBTRACTED AS IN ARITHMETIC BY
FIRSBT REDUCING THEM TO FRACTIONS8 HAVING A COMMON DENOMINATOR AND THEN
ADDING OR SUBTRACTING THE NUMERATORS, THE RESULT S8HOULD THEN BE REDUCED
TO 1T8 LOWEST TERMS,

ExampLE It FIND THE suUM OF X y A AND _ A% +x*
A=X At+x At =x*

PROCESS: LoCeD. 3 A%x* = (a+x)(a=x)

THEN
(3

= —
A=X  (atx)(a=x) ”--x"

A ala=x) _a%=ax.

atx  (a+x)(a=x) -x

2+ 2
At —X17A+XSEA—X) -x"-

THEN BY ADDING THE NUMERATORS, THE S8UM OF THE FRACTIONS 18

2!’1 +as1.

A1"x 7

ExampLE 2¢ FrOM Ag TakE A 12X
2 —AX ARy

PROCESS: LeCeDe = A(A+X)(A—x) = A =AX®
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Arx _ _ (a — A 42axtx?
aZ=ax = a(a+x) (a=x) A’= ax?

A+2X a(a+2x) AZ+2ax
A =x27 A(a+x)(a=x)  Ad=ax™

THEN BY SUBTRACTING THE NUMERATOR OF THE SECOND FRACT{ON FROM THE
NUMERATOR OF THE FIRST, WE MAVE

A% 2 x+xT
AZ4+2a% .
+x* TMEREFORE OUR ANSWER 13 X
AS=ax?

MULTIPLICAT ION OF FRACT IONS

Ag- IN ARITHMETJC, THE PRODUCTS OF TWO OR MORE FQACTIONS.IS THEPRO=-
OUCT OF THEIR NUMERATORS DIVIDED BY THE PRODUCT OF THEIR DENOMINATORS.

IF WE FIRST CANCEL ALL FACTORS COMMON TO BOTH THE NUMERATOR ANDTHE

DENOM INATOR, THE RESULT WILL BE IN ITS LOWEST TERMS WHEN THE MULTIPLY NG
18 DONE,

ExampLE: PerrFosm THE FOLLOWING PROBLEM OF MULTIPLICATION

Xy X x+y x Xl=y*
X24+2xy+y? © x%aDxy+y? x3

Process: By FACTORING THESE EXPRESSION WE OBTAIN?

X _Lz:tr.)_gz.-_x)_
X

X=y X —XY
Cxby) (xtv) (e=v) (x=v)

BY CANCELLING WE HAVE!?

XX S A X Mﬁﬂf: .
Ol N T P x3 x3
DIVISION OF FRACTIONS
ONE FRACTION 15 DIVIDED BY ANOTHER BY MULTIPLYING THE RECIPROCAL OF
THE DIVISOR BY THE DIVIDEND. THE RECIPROCAL OF A NUMBER, YOU W|LL RECALL,

ts | DIVIDED BY THAT NUMBER. THE RECIPROCAL OF A FRACTION I8 THEN THE
FRACTION INVERTED,

ExampLE: Divioe X'=]1x=26 BY X =]8xX+65
x*=3x- 18 x*=9x+18
Process: GIVEN PROBLEM _x%*=||x=26 . o

x2=3x=18 ° x*=9x+I8

INVERTING THE DIVISOR WE HAVE! _x*=| lx-agx x*=9x+18
x*— 3x=18 ' x?=18x+65
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FACTORING AND CANCELLING WE HAVES W_}_ X
(x+3 (x=5)
= {sta%%ﬁ;. = A=x=6
x+3) (x=5 1l=2x=15

EQUATIONS INVOLV ING ALGEBRAIC FRACT IONS

THE EQUATIONS A8 80 FAR PRESENTED TO YOU DID NOT [INVOLVE FRACT IONS,
60 THE STEP FOR YOU TO TAKE AT THIS TIME, WILL BE TO FAMILIARIZE  YOUR=
seELF wiTH FRACTIONAL EQUATIONS.

WHEN AN EQUATION CONTAINS FRACTIONS, THESE MUST BE  REMOVED. We
SPEAK OF TH1S8 PROCESS AS "CLEARING THE EQUATION OF FRACTIONS". AN EQUA—
TION CAN BE CLEARED OF FRACTIONS BY MULTIPLYING BOTH MEMBERS OF THE EQUA=
TION BY THE LOWEST COMMON DENOMINATOR OF ALL THE FRACTIONS IN THE EQUA=
TION,

E .
xampLE I3 Bowve X . X _ 17X
b 8 10
ProceEss: THE LOWEST COMMON DENOMINATOR IN THIS CASE WOULD BE 40,
THEN BY MULTIPLYING EACH TERM 8Y 40, WE CAN CLEAR TME

EQUATION OF FRACTIONE8 IN THE FOLLOWING MAANER?

X = _8x
5 40
X =_58x
8 40
17 = 1T = 40xIT = 680
| 40 40
- X =-4x
{0 40
THUS BY USING THE NUMERATOR ONLY, THE DENOMINATORE BEING COMMON ,
WE MAVE — — o o o ot e e — Bx+5x = 680 = 4x
TRANSPOSING TERM8 —— — _——— 8x+5x4x = 680
COLLECTING TERMS —— — — —0 — — = 1Tx = 680
DivVIOING BY COEFFICIENT oF X OoR |17 __ __ __ X = 680
17
x = 40

TesT IF x=240 IN THE EQUATION X o X = |7 = X THEN BY 8UBSTITUT=
8

B 10
ING 40 FOR X IN THIS EQUATION WE MAVE 40 +40 = IT - £
5 8 10
845 = 174
13 =13
ExampLE 27 IN THE EQUATION 8 = _E =R SOLVE FOR LIS
0.220
Process: CLEARING OF FRACTIONS we oeTAIN 0.220 S = E~IR
TRANSPOSING — — — — IR = E =0,220 8
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DIviDING BY COEFFICIENT OF | OrR R WE HAVE! | = E~0, 2208

THE FoLLOWING
THE OPPORTUNITY
CESSES EXPLA INED
TIONS. THE ANSWER

PRACT |CE PROBLEMS

CHECK YOUR OWN WORK,

R

18 A 8ERIES OF PRACTICE PROBLEMS WHICH WILL GIVE You
OF BECOMING STILL MORE FAMILIAR WITH THE ALGEBRAIC PRO~
IN THIS LESSON BEFORE ANSWERING THE EXAMINATJON QUES~

S TO THESE PROBLEMS ARE ALSO GIVEN HERE SO THAT YOU CAN

I Fino THE PrRODUCTS OF THE FOLLOWING W|THOUT ACTUAL MULTIPLICA=
TION AND TEST BY ACTUAL MULTIPLICATION?

le
2.
3e
4,

(x+v)™* ANSWER = X “4Oxyty?
(3x+2v)* ANSWER = 9x7%+|2xy4y?2
(3ax=dy)* ANSWER = 9a? x%=24axv+6y2
(2a% v &3y)* ANSWER = 4a? yo=]2a% Y9y 2

II Fino THE PrRODUCT OF THE FOLLOWGNG WITHOUT ACTUAL MULTIPLICATJON
AND TEST BY ACTUAL MULTIPL|CAT}ONS

2.
K

“e

4,

(2x+2v) (2x=~2v)

(x®+v*) (x*=v?)

ANSWER
ANSWER

(12x=13) (12x+13)

AnswER

(3x=v) (3x+v)

ANSWER

4x* —4y*

X6y ®
144x*=~169
9x*=y?

III Factor THE FOLLOWING AND TEST BY MULTIPLICAT]ON:

le
2.
3.
4.
5.

16 = 4y* ANSWER
36a%~ 49g% ANSWER
l=-gx* ANSWER
7%=52 ANSWER
8=78+12 ANSWER
x24+0%=8 ANSWER
x%+15x+56 ANSWER
IV SoLve THE FoLLowing EQUAT | ONS?

Tx=5 = x=23 ANSWER
2x=(5x+5) = 7 ANSWER
3(x+l) = =5 (x=1) ANSWER
Tx+19 = 5x+7 AngSwER
GIVEN THE EQUATION A = 97 a8,

SoLVE FOR A AND B ANSWER

¥ Reouce THE FoLLowing FRACT | ONS

2.

3.

125 ANSWER
205

3,4 ANSWER
35A% x5
'1_5 +6 Answer

A*=T7a+10

wuwununun

nwnu
[
(]

(4+2y) (4~2v)
(6a7~78) (64" +78)
( 14+3x2) ( 1=2x?2)
(745) (7=5)
(o~4)(o=3)

(x+4) (=2)

(x+8) (x+7)

>
i
o

TO THEIR LOWEST TERMS.
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YI PERFORM THE FOLLOWING PROCESSES:

. App _a=3 anD _S+A . AnsWER = _ 34—
3 6 6
o, From _4at3X_ vake Bat@ . __ANSWER =_3X+2A— 5a*
3a 3 3a
3. Aoo 3 , 4 AND 7 AngweR=
x=2 x=3 x=5x+6 x“=5x+6
4. MuLTiPLY M BY © ANSWER = M
cx 3 X
6. FIND THE PRODUCT OF J3aB ¥ 16¢*x* XZD3
4co 2ls™ 4ex?
ANSWER = ACD™
g%
8., Divioe 3xty ev 4x __ ___ ANSWER = 23x+Y
2] 3 f2x
7. MULTIPLY A*4+2AB+8% BY _A_ _ _ ANSWER = % +aB
A*-p? A =B
YII SoLvE THE FOLLOWING EQUATIONS FOR THE unkNown ®X® anD TEST
THE RESULTS!
le x 4 X =10 ___ __ __ _Angwer =5
2 6 3
2. 2x _Ix . 5x 4 X = 4]/9 _ — Answer = 4
3 8 18 24
3, xtlgxtd=2 o __ Angwer = |
2 4

IN ORDER TO HANDLE QUICKLY AND ACCURATELY ALGEBRAIC PROBLEMS  OF
THE TYPES EXPLAINED, A GREAT DEAL OF PATIENT PRACTICE 1S REQUIRED. AL-
THOUGH MATHEMATICS OF THIS TYPE IS NOT ENECESSARY FOR THE ORDINARY ME-
CHANICA, YET IT 1S ESSENTIAL FOR THOSE WHO INTEND TO ENGAGE IN THE EN-
GINEERING FIELD IN A SUPERVISORY CAPACITY AND WHICH AFTER ALL SHOULD BE
THE ULTIMATE GOAL OF EVERY NATIONAL GRADUATE . REMEMBER ALWAYS, IT RE-
QUIRES ADDITIONAL CONCENTRATION ON THE PART OF THE STUDENT TO MASTER
THIS WORK, BUT THE EFFORT MADE IN ACQUIRING THIS KNOWLEDGE WILL BE WELL
WORTH WHILE.




2.

3e
4.

5.

&,

e

0
*

Examination Questions

LESSON NO. A8~ 7

Faith is the essential condition of
confidence, and confidence is the esgg-
ential condition of success,

7z
Fino THE PRODUCT (2x+3v) WITHOUT REBORTING TO ACTUAL
MULT | PLICATION, :

Fino THE PrRoDUCT OF (3x+4y)(3x~4v) wiTHMOUT RESORTING
TO ACTUAL MULTIPL|CAT|ON.

FacTor THE ExPREssion 4a%=1687
‘2
FACTOR THE EXPRESSION X +Tx+12.

SOLVE THE FOLLOWING EQUATION FOR X! 3x+4 = x+10. Suow
THE TEST OR PROOF THAT YOUR VALUE FOR "X" 13 CORRECT.

2
REDUCE THE FRACTION X +2%-8 TO ITS LOWEST TERMS.
x*=4x+4

- = ApD 2A+5 AND A=D .
3 6

From 3a+2  vake Tae-1Qg
B 82

FIND THE PRODUCT OF _x’=] X X2
: X “eq x=1

10.~ GIVEN THE €quaTioN V = 2YT*RA% ,goLve For R.

PRINTED N UeBeoA,
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LESSON NC. 8

EXPONENTS, POWERS, ROOTS AND LOGARITHMS »

IN THI8 LESBSON YOU ARE GOING TO BE FAMILIAR|ZED WiTH SOME OF THE
MOST IMPORTANT MATHEMAT|CAL PROCESSES UBED N SOLVING ENGIN!ER'NGEROBLENS
AND IT i8 THEREFORE ADV|ISBABLE THAT YOU QIVE THIS8 LESSON YOUR UTMOST ATT-
ENT $ONe

IN A PREVIOUS LESSON TREATING W{TH MATHEMATICE YOU WERE ALREADY IN—
TRODUCED TO EXPONENTS SO THAT WHAT YOU HAVE SO FAR LEARNED ABOUT THIE
BUBJECT WiLL AGAIN APPLY AT THI8 TIME,ONLY THAT WE SHALL CARRY TH{IS ANA—
Lygis a LITTLE FURTHER THAN HERETOFORE.

LAW OF EXPONENTS IN MULTIPLICATION

THE LAW OF EXPONENTS AS

APPLIED TO MULTIPLICATION WaS
" ALREADY GIVEN YOU  PREVIOUSLY
BUT IT 18 ADVISABLE THAT IT BE
BROUGHT TO YOUR ATTENTION A~
GAIN AT THIS TIME 80 A8 TO "TIE
IN" WITH YOUR PRESENT STUDIES
AND THEREFORE MAKE THESUBJECTS
AS PREBENTED IN THI8 LESSON
MORE UNDERS TANOABLE,

IN THE CASE OF MULTIPLI(=
CATION, YOU WiLL RECALL,wE ADD
EXPONENTS AND THIS CAN BE EX—
PRESSED IN BYMBOLS FOR ALL
GENERAL CASES [N THE FOLLOWING
MANNERS

FiGg.1

Amo At= A"::’n Lagarl?/rms—E.fSenHa/ to Solve Design Fro-
OR Ao at= A = A blems in Amp/ff‘g/'ng Sysfems,
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LAW OF EXPONENTS IN DIVISION

WHEN DIVIDING EXPRESSIONS INVOLVING EXPONENTS, THEN WE SUBTRACT.
EXPONENTS AND THIE CAN BE EXPRESSED IN SYMBOLS FOR ALL GENERAL CASES [N
THE FOLLOWING MANNERS

AN AT = A’"_;"
OR AL A% = A°Z ,8 .
)
WHERE M 18 GREATER THAN No SHOULD M = N, THEN A+ A'= |,

POWER OF A POWER

In oroER: 'I’O FIND TME POWER OF A POWER, THE EXPOMENTS ARE MULT!PL JED,

For exampLe, (1"’) = A", |LLUBTRATED NUMERICALLY,WE COULD WAVE: (a8 ) = a5
.
‘A m A’

POWER OF A PRODUCT

THE POWER OF A PRODUCT 18 EQUIVALENT TO THE PRODUCT OF THE POWERS OF
THE FACTORS. FOR ExampLE, (ABOD) = A a c-o

4.6.8)%= 4* s g4 '
g: gh‘x’)")" 3° (A") (x*)* (v‘) = 814 X "' e

POWER OF A FRACTION

THE POWER OF A FRACTION 18 EQUAL TO THE POWER OF THE NUMERATOR Df=
VIDED BY THE POWER OF THE DENOMINATOR.

ExampLE! {_A_>
N

OoR
6 ) 2:;:' v e 8v‘us |

ROOT OF A POWER

IF WE TAKE THE ROOT OF A POWER, WE MAVE JHE INVERSE OF FINDING TME
POWER OF A POWER, TMAT 18, THE InveERsE oF (") = P wouLo BE VAR =z gm0
R AT . A NUMERICAL EXAMPLE FOR FINDING THE ROOT OF A POWER WOULD BE AS

F'OLLO*S-
4 - .
U 45 = el = 4,' = |6

. 3
ANOTHER :meu: FoLLOWS: FiND THE cuse RooT oF 3°8%x'

T .6¥3 933 mi3 2 3 &
SowuT 0N : Snx-.z B x =38X

ZERO EXPONENT

i

Any NUMBER OTHER THAN ZERO WHICH |8 AFFECTED BY A ZERO EXPOMENT )8
EQUAL TO ONE,

Exampres: 19 = 13 5° =13 8° = |3 A® = 1.
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NEGAT IVE EXPONENT

In THE EXPLANAT ION PERTAINING TO THE LAW OF EXPONENTS IN DIVISION
YOU WERE SHOWN b'rrwr A+ A'= A™ ", WHEN M 18 GREATER THAN N AS IN AN  EX=
AMPLE SUCH A8 A+ A2= A%, WE OBTAIN A POSITIVE EXPONENT BUT WHEN M 18 LESS

THAN N A8 IN THE EXAMPLE A'3+ A®= A™4 ,WE OBTAIN A NEGATIVE EXPONENT.

IT 16 ALSO TRUE THAT A+aA°= a2 = _| AND THEREFORE A1 = _|°.
O a% A4
-n
SIMILARLY A" = _| . RULE: A NUMBER AFFECTED B¥ A NEGATIVE EXPONENT B
Aﬂ
QUALS | DIVIDED BY THE SAME NUMBER AFFECTED BY A POSITIVE EXPONENT  AND
WHICH I8 EQUAL IN ABSOLUTE VALUE TO THE NEGATIVE EXPONENT.

ExamprLe: (1) 3-6= = _}
- _Zl‘«-‘ 728

(8) s'=_1_=_L_

5% 125

FRACT JONAL EXPONENT

lF WE APPLY THE LAW V = WHEN M AND N HAVE ANY VALUES, THEN

WE HAVE VA™ = A% aLso VA = A o A’k .

By DEFINITION THEN, A FRACTIONAL EXPONENT INCICATES A ROOT, THE
DENOMINATOR 18 THE INDEX OF THE ROOT AND THE NUMERATOR 18 THE EXPONENT OF
A POWERe

m n
A FORM LIKE AT MEANS EITHER Y A™ or (#&)™ . IN OTHER WORDS, THENUM
A\
BER"A' MAY BE RAISED TO THE'MTH'POWER AND THEN THE'NTH’/ROOT TAKEN,OR ELSE .
THE*NTH"ROOT MAY BE TAKEN FIRST AND THEN THE RESULT RAISED TO THE “ MTH'

POWER.

Tuue 8%

or 8% =-= (f__)’-':-

OTHER EXAMPLES OF FRACT|ONAL EXPONENTS FOLLOW?

3
V64 = 4
o* = 4

Eu; |6": 6 = 4

o) 64" = 4

(3) 32?"-(%[‘2')” 2%= 8

(4) a%="_) =] = L =1
R ‘

IN ENGINEERING WORK, IT IS A COMMON PRACTICE TO WRITE LONG NUMBERS :
IN A SHORTER FOR3M WITH THE AID OF EXPONENTS8. FOR EXAMPLE 10° = 1000; 106
= 1,000,000; 107 .00l; 10% = .00000! evec.

- . LOGARI/THMS

THE PROCESS OF MULT|PLICATION,DIVISION, RAISING TO POWERS AND EX—
TRACTING ROOTS OF ARITHMET{CAL NUMBERS I8 QREATLY SIMPLIFIED BY THE USE
oF LOGARITHMS, MANY CALCULATIONS THAT ARE DIFFICULT OR EVEN IMPOSSIBLE BY
ORDINARY ARITHMET JCAL. METHODS ARE SOLVED QUITE READILY BY MEANS OF LOGAR~
ITHMSe THIS WILL BECOME MORE APPARENT A8 YOU PROGRESS THROUGH THI8 LESSON.
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DEFINIT ION

A LOGARITHM oF A NUMBER 18 THE EXPONENT BY WHICH THE BASE MUST BE
AFFECTED IN ORDER TO PRODUCE THAT NUMBER. THE LOGARITHMS OF ALL THE POS—
ITIVE NUMBERS TO A GIVEN BASE ARECALLED A SYSTEM OF LOGARITHMS ano THE
BASE 18 CALLED THE BASE OF THE SYSTEM,

ALTHOUGH ANY BASE MAY BE USED IN A SYSTEM OF LOGARITHMS, YET THE
BAsSE |0 18 MOST COMMONLY USED BECAUSE IT OFFERS THE MOST CONVENIENT ME-
THOD TO WORK WITH.

LET US CONSIDER THE EXAMPLE 3% = 81, IN TERMS OF LOGARITHMS THIS
S8AME EXPRESS|ON CAN BE INTERPRETED AS THE LOGARITHM OF 8| TO THE BASE 3
IS 4 AND THIS WOULD BE WRITTEN A8 LOG, 8] = 4, NOTE THAT THE EXPRESSION
¥ oGY 13 AN ABREVIATION FOR "LOGARITHA" AND iS USED MOST EXTENSIVELY.OTH
ER EXAMPLES FOLLOW?

ExPRESSED A8 EXPONENTS ExPrESSED AS LOGARITHMS
3P =27 . L0a,3 = 27
34 = 8l - L0G,8l= 4
&’ = 32 : L0a,32= 5
102= 1000 1L0G,,1000= 3
843 =4 LoG 4 = i/3

» SINCE LOGARITHMS TO THE BASE |0 ARE MOST EXTENSIVELY USED IN PRAC™
TICE, LET US THEREFORE NOW CONSIDER THIS SYSTEM IN MORE DETAIlLe.

LOGARITHMS TO THE BASE 10

WHEN THE BASE |0 18 EMPLOYED IT HAS BECOME THE PRACTICETO OMIT THE
BASE AND SIMPLY WRITE THE EXPRESSIONS N THE FOLLOWING MANNERS

wae 10 ¢ce0 =1 wa |l cvee = 0
oe 100 ... =2 06 0ol o0 = =1
wa |000... = 3 L0G 0.0'-. ="'2
roa 10,000..= 4 Loe 0.,00l..= =3
woa 100,000 = 5 Loc 0,000) = -4

IN OTHER WORDS, WHEN NO BASE 18 EXPRESSED, IT I8 UNDERSTCOD TO BE
0.

A8 YOU WILL OBSERVE FROM THE FOREGOING, THE LOGARITHM OF. ANY NUM—
eer BETWEEN |0 ano 100 18 | PLUs A FracTionN; BeTween 100 ano 1000 THE LOg
ARITHM 18 2 PLUS A FRACTION; BETWEEN O.] AND 0,01 THE LOGARITHM 18 =1 ML
NUS A FRACTION OR =2 PLUS A FRACTION,

AS A GQENERAL RULE, THE LOGARITHM OF A NUMBER CONSIETS OF TWO PARTS,
NAMELY, A WHOLEE NUMBER AND A FRACTIONAL PART, THE WHOLE NUMBER 18 CALLED
THE CHARACTERISTIC AND THE FRACTIONAL PART 1€ CALLED THE MANTISSA, TmHe
MANT {S88AS OF THE POS{TIVE NUMBERS ARRANGED IN ORDER ARE CALLED A TABLEOF
LOGARITHMS,

THE LOGARITHM OF 4976 CONSISTS OF THE CHARACTERISTIC 3 AND SOME
MANT188A BECAUSE 4976 Lies BETWEEN 1000 anp 10,000, THE LOGARITHM OF
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36,572 18 4 PLYBS A FRACTION BECAUSE 36,572 Ligs BeTween (0,000 anp
100,000. THE LOGARITHM OF 0.,0432 18 =2 PLUS A FRACTION BECAUSE 0.,0432
Lies BeTweeN 0.0) anp O. .

FROM THE EXAMPLES JUST QIVEN, YOU WILL READILY NMOTE THATMULT)PLY=
ING A NUMBER BY |0 INCREASES 1TS CHARACTERISTIC BY |. WMEN uUBING THE BASE
10 IN A S8YSTEM OF LOGARITHMS, THE CHARACTERISTIC CAN BE DETERMINED 8y
INSPECTION AND IT 18 THEREFORE ONLY NECESSARY TO MAVE THE MANT |88A QIVEM
IN A TABLE,

RULES FOR DETERMINING THE CHARACTER|STIC

FROM WHAT HAS JUST BEEN MENTIONED REGARDING THE CHARACTERISTICS IN
A 8YSTEM OF LOGARITHMS UBING A BASE OF |0, YOU WILL READILY REAL|ZE THAT
THE FOLLOWING RULES APPLYS

(1) For WHOLE NUMBERS, THE CHARACTERISTIC 18 ONE LESS THAN THE NUM
BER OF WHOLE NUMBER FIGURES AND |8 POSIT[VE.

(2) FoR DECIMALS, THE CHARACTERISTIC 18 ONE MORE THAN THE NUMBEROF
ZEROS IMMEDIATELY AT THE RIGHT OF THE DECIMAL POINT AND 18 NEQ
AT IVE,

(3) IN A NUMBER CONSISTING OF A WHOLE NUMBER AND A DECIMAL,CONS ) D~
ER THE WHOLE NUMBER PART AND APPLY RULE (1).

ExampLEs: THE CHARACTERISTIC OF 472 18 2 As PER RULE (1); THE
CHARACTERISTIC OF 36,743 18 4 A8 PER RULE (1); THE CHARACTERISTIC or
0,034 18 =2 As PER RULE (2) AND =4 ror 0.000765 as PER RULE (2)3rFoR 3.47
THE CHARACTERISTIC 18 O As PER RULE (3) AND FOR 463.89 IT 18 2 as PER
ruLe (3).

THE MANT|8SA

To DETERMINE THE MANTISSA 18 A MORE DIFFICULT TASK THAN DETERMINA=~
TION OF THE CHARACTERISTIC AND WE USE A TABLE TO DO 80, A FOUR PLACE
TABLE OF LOGARITHMS 18 GQIVEN YOU UNDER THE HEADING TABLE J, By Examin-
ING THIS TABLE, YOU W|LL OBSERVE THAT IT 18 DIVIDED INTO A SERIES OF HOR
1ZONTAL AND VERT|ICAL COLUMNS. THE FIRST VERTICAL COLUMN OF THE TABLE HAS
THE LETTER N AT THE TOP AND WHICH 18 AN ABREVIATION FOR "NUMBER". Tue
OTHER VERTICAL COLUMNS HAVE THE NUMBERS O=}=2=3 ETC. AT THEIR TOP. BeELOW
THESE NUMBERED COLUMNS YOU WILL FIND NUMBERS MADE UP OF FOUR FIGURES.
THESE NUMBERS ARE DECIMALS AND ARE THE MANTIS8S8A8 OF THE LOGARITHMS OF THE
NUMBERS MADE UP OF THE FIQURES IN THE COLUMN HEADED N TOGETHER WITH THE
HEAD OF ANOTHER COLUMN, SINCE THESE MANTISB8AS TAKE CARE OF FOUR DECIMAL
PLACES, THIS TABLE RECEIVES IT8 CLASSIFICATION OF A "FOUR PLACE TABLE",

ANY NUMBER CONSISTING OF THREE FIGURES HAS IT8 FIRST TWO F|QURES IN .

THE COLUMN HEADED N AND T8 THIRD FIGURE AT THE TOP OF ANOTHER  COLUMN,
FOR EXAMPLE IN THE CASE OF THE NUMBER 368 THE 36 18 FOUND IN THE OOLUMN
HEADED N AND THE 8 AT THE TOP OF ANOTHER COLUMN,

TO FIND THE MANT ISSA OF A NUMBER CONSISTING
OF THREE SIGNIFICANT FIGURES

YOU HAVE ALREADY BEEN SHOWN MOW THE CHARACTERISTIC OF A NUMBER 18

* o

1
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DETERMINED SO NOW LET U8 SEE HOW THE MANTISSA OF THE NUMBER 18 FOUND FROM
THE TABLE. A8 OUR FIRST EXAMPLE, LET U3 CONSIDER A NUMBER WHICH HAS
THREE SIGNIFICANT FIGURES SUCH AS8 493 FOR INSTANCE.

To Do THIS, WE FIRST LOOK IN THE COLUMN HEADED N FOR THE FIRST TWO
FIGURES OF THE NUMBER 493 oR 49. THIS8 DONE, WE MOVE DIRECTLY TOWARDS THE
RIGHT FROM 49 UNTIL WE COME TO THE VERTICAL COLUMN WHICH HAS THE  THIRD
FIGURE OF OUR NUMBER OR THE 3 AT ITe ToP. WE FIND IT To BE "6928", It
§HOULD BE REMEMBERED, HOWEVER, THAT THIS VALUEOF "6928" FOR THE MANTISSA
OF 493 1S A DECIMAL AND THESE FOUR FIGURES ARE REALLY THE FIRST FOUR FIgQ
URES TO THE RIGHT OF THE DECIMAL POINT, HENCE THE MANTIS8SA FOR 493 18
AcTuaLLY 0.6928,

REGARDLESS OF THE POSITION OF THE DECIMAL POINT IN THE NUMBER FOR
WHICH THE MANTISSA IS BEING SOUGHT, THE MANTISSA STILL REMAINS 0,6928.
FOR EXAMPLE, IF THE NUMBER IN QUESTION BE 493; 4.93; 49.3; OorR 4930 THE
MANT 18SA WiLL STILL BE 0,6928 BUT THE CHARACTERISTIC WILL OF COURSE BE
DIFFERENT IN EACH CASE.

TABLE |
LOGARITHMS OF NUMBERS AND PROPORT |ONAL PARTS

i Propo;uomiY;ru { Proportionsl Parts
ENO 1 2 3 4[5!6 | SIleal‘se-,sg “o 1 ’|' 4 "0 7'8 912'[4‘.789
10{00000043 00860128 onopzlzl‘ozss omiom}oau 481217 31 2520 33 37 fos[r04f7412 74107277435 14637461 7480/74067474/1 3 33 ¢ 88 8 7
11|0416/04530492 0531 (056910607 0645 06820719 814 8 11118 19 2326 30 34 7483(74907497(75087513(7520'75287536/754317551(1 2 28 4 85 8 7
13/0793(0828 0864 0899/00340969/1004/1038 1072/1106(8 7 1014 17 2124 28 31 5717659|7668.7874/75837589|75077604(761376107627/1 3 38 4 8§58 6 7
13]1139/11731120612390(1271'1303(1338 1367 130911 1430]2 & 1013 16 1923 26 29 58|7634 1w1uo[1w1eu 167317 70111 38 ¢ €8 6 7
14{1461|14921523 15531584 1614'1644(167817081722(3 6 912 15 1821 24 27 Yeolrroolrrierrasrraiirras|rrasirrssiren TeTTlL L 33 4 48 87
18(1781{1700 181811847|18751003 1831|1059.198720143 8 811 14 1720 22 25 F musxo numa 811 38 4 486 6 8
16]3041{2008 2005 2123(21482176 22012227 2283,2270(8 5 811 13 1618 31 34 TO03{T910/7917/11 33 & 45 6 6
17(2304|2330.2355,2380/2405 2430 2485 usozm’zm: 5 710 12 1817 20 22 6ajruns mz mo aTITIM0TIETIL 1 33 3 4[5 0
18128532877 20012628 2045 2673.2695/2718 274227652 8 7 9 13 1416 19 31 oi4 11 233 45 5.6
1921&828102833\28602878‘m)0‘2m 20452067(2080(2 4 7| 0 11 13]16 18 20 Jo28100ier1aaizali § 33 3 &3 56
20[3010[30323084 3075|309631183120/316031813201(3 & 0 8 11 115 17 19 ulsm{am|ma|amlsm[smism{sm|amrsm1 1333 45 ¢
31(3222(324332633284 33043324 3345 3365/3385/3404(3 4 6 8 10 12/14 16 18 m amsm 824882641 1 38 8 45 &
2213424 (34443464 3483(35023522:3541 2560 3570/3508(3 4 6| 8 10 1214 16 17 m 911 23 3 488
23(3617|36363685,3674/369237113720(37473766378412 4 8/ 7 0 1113 15 17 qoa sw 11283 4438
24/3802{3620/3838 ssezsubsmmaommamn 57 91112 14 16 :wwiammd 112338 4¢358 6
25/3070(3007 401414031 |4048/4065 4082/40994116413312 3 5 7 9 1012 14 18 7o 1 1 63(34708476/8483 ot 11 32 8 44868
zuuommsa{mo4zxe4mmuzeuzsmosy¢s 57 810111318 1/8s13 1 8561856711 33 8 44 B 8
37/4314/4330/4346/4362 1437814393 4409 4425/444014456/2 3 B/ 6 8 911 18 14 Bs7ajasn 1lsm 8000/818(88318627(1 1 33 3 4 4 & &
2814472(448745024518,4533/4548 4564 |4370/450414600[2 8 8/ 6 8 011 12 14 5 18688111 33 8 4[4 8 &
20/4624|4630 46544600 (465346084713 4728474247671 3 4/ 6 7 010 12 13 momw 4511 33 8 64 68
304771 4786'43004814/4829'4843 4857|4871 48864900(1 3 4/ 8 7 9[10 11 13 nismlsvﬁ]rcmos}mu }sm|am 11 323 343538
311491414928 49424955 49694983'4997/501150245038/1 8 4/ 8 7 810 11 12 18jss08 11 2338 8/¢ 5 5
32/808118008,80705002 8108 81108132/8145 5150817311 3 48 7 89 11 12 811 3338 844385
33)5188(81985311 2245237 62505263 /8276 528053031 8 4/5 8 8 0 10 13 1111 33 8 84 ¢ 8
3 msuza‘mo‘ 353 8200 63785901 540354165428/18 4/ 8 6 8 010 11 T9/8076) mmo 11 32 33¢438
3815441 (84535485/8478 (5400 550285145527 8539568511 2 4 5 6 7| 9 10 11 80/0031 11 33388448
36(6563|8876(3587 5599|861 5623/6835 (864756885670(1 2 4 8 6 7|8 10 11 %1{0088 otot mompm‘omm&omn 13334438
7lsoss 5004 5708 5717 mosmbm 8763157765786/1 2 85 6 7|8 010 82/0138 mknmmbmol omt:g’ plagli 1 213 34 48
3815798 |5800/5821 6832|5943 5855,8866/5877/6888/5800/1 2 3|8 6 7/8 9 10 83/0191 u,om 9238/11 33 8 84 4 B
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TO FIND THE MANTISSA OF A NUMBER CONSISTING
OF ONE OR TWO SIGNIFJCANT FIGURES

WHEN THE NUMBER CONSISTS OF ONE OR TWO SIGNJF{CANT FIQURES, THENUM—
BER 18 FOUND IN THE COLUMN HEADED N AND THE MANT{88A TO THE RIGHT IN THE
COLUMN HEADED ZERO. FOR EXAMPLE, THE MANTISsA OF 24 ag Per TasLe T I8
0.3802. THIS 18 FOUND BY LOOKING IN THE N COLUMN FOR THE 24 AND TO THE
RIGHT UNDER THE 0 coLUMN,

THE MANTISSA OF 3 18 0.4771 AND THIS IS FOUND FROM TaBLE I BY LOOK=
ING IN THE "N® coLUMN FOR THE NUMBER 30 AND TO THE RIGHT IN THE ZERO COL=
UMN o

TO FIND THE MANTISSA OF A NUMBER CONSISTING OF
FOUR OR MORE SIGNIFICANT FIGURES

TasLe I, YOU WiLL NOTICE, I8 ONLY DIRECT READING FOR NUMBERS HAV=
ING THREE SIGNIFICANT FIGURES, THAT IS, NUMBERS MADE UP OF THREE FIGURES
OR A ZERO AS THE FOURTH FIGURE S8UCH As 428 OoR 8790 erc. OUR NEXT STEP
THEN WILL BE TO SEE HOW THE MANTIS8SAS CAN BE FOUND FOR NUMBERS CONSIST=
ING OF FOUR OR MORE SIGNIFICANT FIGURES. AS AN EXAMPLE, LET US FIND THE
MANT ISSA OF THE NUMBER 3965,

By INSPECTION, YOU WiLL READILY REALJZE THAT THE NUMBER 3965 LiIES
BETWEEN 3960 AnD 3970 AND THEREFORE §TS MANTISSA MUBT LIE BETWEEN THE
MANT 188A8 OF 3960 ano 3970. WE THEN PROCEED A8 FOLLOWSS

ManNTissA OF 3960 = 0.,5977
ManTjasa oF 3970 = 0.5988

THE DIFFERENCE BETWEEN THESE TWO MANTIS8SAS 18 EQUAL TO 0.5988~
0.5977 = 0,001| AND THiE 18 SPOKEN OF As BEING THE TABULAR O IFFERENCE.
Now THEN, SINCE AN INCREASE OF 10 IN THE NumBer (3960 To 3970) INCREAs-
E8 THE MANT 186A BY 0.,0011, 1T IS LOGICAL THAT AN INCREASE OF § IN THE
numser (3960 To 3965) WILL INCREASE THE MANT ISSA 5/10 as MucH OR IN OUR
PARTICULAR CASE 0,0011 X 0.5 = 0,00055. THE MANTISSA FCR 3965 THEREFORE
secomes 0.5977 + 0.00055 = 0,59826 or 0,5982 (APPROXIMATELY)s THE  PRO=
CESS OF DETERMINING THE MANTISSA BY THE METHOD JUST EXPLAINED 1S KNOWNAS
INTERPOLATION,

THE PROCESS OF INTERPOLATION §8 SIMPLIF{ED CONSIDERABLE BY THE SEC
Tion TITLED "PROPORTIONAL PARTS" IN THE RIGHT HAND SECTION OF THE LOGAR™
ITHM TABLE. FOR EXAMPLE, IN THE PROBLEM WHICH WE HAVE JUST COMPLETED FOR
FINDING THE MANTISSA OF THE NUMBER 3965,WE FOUND THAT THE MANTIS8SA WAS TO
BE 5/]0 AS MUCH AS THE MANTISSA FOR 3960 AND 80 WE LOOK FOR THE  COLUMN
HEADED 5 UNDER "PROPORTIONAL PARTS" STRAIGHMT DOWM UNTIL WE COME TO  THE
HOR| ZONTAL LINE CORRESPONDING TO THE NUMBER 39 IN THE N coLumn AND wE
FIND THE NUMBER 5,WHICH CORRESPONDS TO THE FOURTH DECIMAL PLACE. THis
MEANS THAT WE ARE TO ADD 0.0005 To THE MANTI88A OF 3960 oRr0597740.0005=
0.5982 As THE MANTIS8SA FOR 3965,

Now LET US CONSIDER ANOTHER EXAMPLE, NAMELY TO FIND THE MANT | 8SA
FOR THE NUMBER 63,478 THis NUMBER LiES BETWEEN 63,400 ano 63,500 ANnD
FROM THE TABLE WE THUS OBTAIN THE FOLLOWING?
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802!

MaNTIS8SA FOR 63,400 = O,

ManTissa For 63,500
Tasutar DIFFERENCE = 0.8028 - 0,8021 = 0.0007.

THEN SINCE AN INCREASE OF 100 IN THE NUMBER INCREASES THE MANT |S8SA
8y 0,0007 1T 1S CLEAR THAT AN INCREASE (N THE NUMBER OF 78 OR 63400 To
63478 wiLL INCREXSE THE MANT138A 0,0007 x 0.78 = 0.000546 OR APPROX |~
MATELY 0.0006 TO THE NEAREST FOURTH DECIMAL PLACE. THEREFORE, THE MAN-
TESBA FOR 63,478 1s equaL To 0.8021 + 0.00056 or 0.8026.

To USE THE PROPORTIONAL PARTS SECTION OF THE TABLE IN WORKINGTH|S
PROBLEM, WE WOULD LOOK IN THE "8" coLumn (78 BEING VERY NEAR BO)AND DOWN
THIS COLUMN TO A POINT CORRESPONDING TO 63 IN THE N COLUMN AND WHERE WE
Fino *5%, (THis FIVE 1S THE FOURTH DECIMAL PLACE). THEREFORE,WE: ADD
0.,0005 To THE MANTISSA OF 63,400 or 0.802| + 0.0005 = 0.8026 AND ~ WHiCH
CHECKS WITH THE PREVIOUS METHOD.

FINDING THE LOGARITHM OF A NUMBER

WHEN 1T 18 DESIRED TO FIND THE LOGARITHM OF A NUMBER IT I8 ADV(IS—
ABLE TO DETERMINE THE CHARACTERISTIC FIRST AND THEN THE MANTISSA.

ExampLE I8 FiIND THE LOGARITHM OF 425,

Process: THE CHARACTERISTIC = 2, (A8 PER RULE | FORCMARACTERISTICS)
THE MANT 188A = 0.6284 (As PER TABLE)
THEREFORE . THE LOGARITHMM OR LOG OF 425 = 2,6284.

ExaMpLE 22 FIND THE LOGARITHM OF 7543

Process? THE CHARACTERISTIC = 3 (A8 PER RULE O
THE MANTIS8SA FOR 7540 = 0,8774
THE MANT(IS8A FOR 7550 = 0,8779
TABULAR DIFFERENCE = 0.8779-0.8774 = 0.0005
7543 18 GREATER THAN 7540 BY 3 AND 80
0. 3x0.0005 = 0,00015 or 0.000!. ManTiSSA FOR
7643 = 0.8774 + 0.0001 = 0.8775
THEREFORE LOG 7543 = 3,8775.

ExampLE 3¢ FIND THE LOGARITHM OF 0,00042
THE CHARACTERISTIC = ~4,
THE manTi8sa = 0.6232 _
THEREFORE LOG 0.00042 = 4,6232

NOTICE THAT IT 1S NOT PERMISSISBLE TO PLACE THE M{NUS S{GN BEFORE
THE CHARACTERISTIC IN WRITING A NEGATIVE LOGARITHM FOR THMIS WOULD IND{—
CATE THAT BOTH CHARACTERISTIC AND MANT(|SSA ARE NEGAT IVE WHEREAS THE MAN=—
TISSA S8HALL ALWAYS BE POSITIVE, TO OVERCOME THMIS DIFFICULTY, THENEGATIVE
SBIGN 18 PLACED ABOVE THE CHARACTERISTIC AS WAS DONE IN EXAMPLE 3 WHICH
WAS JUST EXPLA |NEDe

ANOTHER METHOD OF WRITING THE NEGATIVE LOGARITHM 18 TO INCREASE
THE CHARACTERISTIC 8Y [0 AND SUATRACT 10 AT THE RIGHT OF THE MANTIS8S8A.
THUS THE LOGARITHM OF 0,00042 MAY BE WRITTEN AS #.6232 OR 6.8232=10,

TO FIND THE NUMBER CORRESPONDING TO A LOGAR|THM
IN ENGINEERING PRACTICE, NOT ONLY 18 IT NECESSARY TO OFTEN  FIND
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THE LOGARITHM OF A NUMBER BUT (T I8 ALSO FREQUENTLY NECESSARY TO FIND
THE NUMBER CORRESPONDING TO A GIVEN LOGARITHM.

ExamPLE! FIND THE NUMBER HAVING 3.4548 FOR A LCGQARITHM,

ProcEsS: SINCE THE DECIMAL OF THE LOGARITHM DOES NOT EFFECT THE
MANT I8SA, WE CAN DETERMINE ONLY THE FIGURES oF THE NumM
BER W{TH THE AID OF THE MANT I1S8A. THE DECIMAL POINTWILL
BE DETERMINED LATER BY MEANS OF THE LOGARITHM'S CHARA=
CTERISTIC,

THE NUMBER CORRESPONDING TO A MANTISSA OF 0.4548 As PER THE LOG
TABLE = 285. IN OTHER WORDS LOOK FOR THE MANTISSA 0,4548 or "4548" INTNE
LOG TABLE. TO THE LEFT OF THIS MANTISSA YOU WILL FIND THE NUMBER 28 IN
THE N COLUMN AND AT THE TOP OF THE COLUMN IN WHICH THIS MANTIS8SA 18 FOUND,
THE NUMBER 5 APPEARS. THE NUMBER THEREFORE CONSISTB OF THE FIQURES 285
BUT AS YET THE POSITION OF THE DECIMAL POINT HAS NOT BEEN DETERMINED. IN
THE GIVEN LOGARITHM 33,4548 WE HAVE A CHARACTERISTIC OF 3 AND WHICH ACCOR
DING TO THE RULE FOR CHARACTERISTICS MEANS THAT FOUR FIQURES MUST BEPLAQ
ED TO THE LEFT OF THE DECIMAL POINT. THIS MEANS THAT ONE ZERO MUST BE AN
NEXED TO THE FIQURES 285 AND THE NUMBER THUs BECOMES 2850.

IN THE EXAMPLE JUST QIVEN YOU THE NUMBER COULD BE DETERMINED DI=
RECTLY FROM THE TABLE. Now, HOWEVER, LET US SEE WHAT SHOULD BE DONE WHEN
THEMANTI8SA OF A GIVEN NUMBER I8 NOT QIVEN EXACTLY IN THE TABLE. A8 AN EX
AMPLE, LET US FIND THE NUMBER CORRESPONDING TO THE LOGARITHM 2.,4366.

UPON LOOKING IN TABLE ] FOR THE MANTISSA 00,4366 OF THIS LOGARITHM
YOU WILL OBSERVE THAT IT DOES NOT APPEAR HERE., THE NEAREST MANTIS8SA  TO
0.,4366 As GIVEN IN THIS TABLE ARE 04362 AND 04378 AND BETWEEN WHICH
0.4366 LiES.

As pEr TasLe I, THE NUMBER CORREBPONDING TO THE LOGARITHM 2.4362
18 273 AND THE NUMBER CORRESPONDING TO 2.4378 18 274, THus IT IS SEEN
THAT AN INCREASE IN THE MANTI88A OF 0,4378-0.4362 = 0.0016 ano WHICH
MAKES AN INCREASE OF | IN THE CORRESPONDING NUMBER (274=273 = De THE
GIVEN MANT188A 004366 18 0.0004 LARGER THAN 0.4362. THEREFORE, THE REQUIR—
E0 NUMBER 1S 040004 ¥ ! = 26 LARGER THAN 273 AND CONSEQUENTLY THE NUM=

0.0016

BER CORRESPONDING TO THE LOGARITHM 2.4366 18 273.25.

WHEN DEALING WITH THE TABULAR DIFFERENCE, FOR CONVENIENCE, IT 18 PRE
FERABLE TO DROP THE OECIMAL POINT., THIS WILL REBULT IN THE FOLLOWING:

&_ =*=.25.
ISX’

THE RULES FOR FINDING THE NUMBER CORRESPONDING TO A GIVEN LOGAR-
ITHM CAN BE EXPRESSED A8 FOLLOWS? Q

(') WHEN THE MANTISSA OF THE GIVEN LOGARITHM 1S EXACTLY GIVEN IN
THE TABLE, THE FIRST TWO FIGURES OF THE NUMBER ARE FOUND TO
THE LEFT OF THE QIVEN MANTIS8SA IN THE COLUMN HEADED N, AND THE
THIRD FIGURE |8 FOUND AT THE HEAD OF THE COLUMN IN WHICH THE
MANTISSA 18 GIVEN,

(2) WHEN THE MANTISSA OF THE QIVEN LOGARITHM I8 NOT EXACTLY QIVEN
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IN THE TABLE, FIND THE MANTISSA NEAREST THE GIVEN MANTISSA BUT SMALLER.
THE FIRST THREE FIGURES OF THE NUMBER ARE THOSE CORRESPONDING TO THIS
MANT188A AND ARE Founp BY RuLe (1).

ForR ANOTHER FIQURE, DIVIDE THE DIFFERENCE BETWEEN THE MANTISSA
FOUND AND THE GIVEN MANTISSA BY THE TABULAR DIFFERENCE. THE QUOTIENT 18
THE OTHER FIQURE. ALWAYS DETERMINE THIS FIGURE TO THE NEAREST TENTHe

IN BoTH RULES (1) AND (2) PLACE THE DECIMAL POINT 80 THAT THE

RULES FOR DETERMING THE CHARACTERISTIC MAY BE APPLIED AND GIVE THE GIVEN
CHARACTERISTICS,

A8 FURTHER EXAMPLES, THE FOLLOWING ARE PRESENTED?

ExampLe I3 FIND THE NUMBER OF WHICH 2.8420 18 THE LOGARITHM, THE
MANTISSA 0.8420 18 FOUND IN THE TABLE TO THE RIGHT OF 69 AND IN THE COL~
UMN HEADED 5; THEREFORE THE NUMBER CONSISTS OF THE FiIQUREs 685. THE DEC-
IMAL POINT MUST BE PLACED SO A8 TO GIVE A CHARACTERIST{IC OF 2 WHEN THE

RULE FOR CHARACTERISTIC 1S APPLIED, CONSEQUENTLY, 695 18 THE NUMBER
WHOSE LOGARITHM 18 2,8420,

ExampLE #2: FIND THE MUMBER WHOSE LOGARITHM 18 |.7624, THE MAN—
Ti188A NEAREBT 07624 18 0.7619 wHicH 18 THE MANT188A OF 578, THE TABULAR
DIFFERENCE 1S 8. THE DIFFERENCE BETWEEN THE MANT18sA Founp (0.7619) anD
THE GIVEN MANTIssA (0.7624) 18 5. THEN sinceE 548 = 0.6 APPROX IMATELY, THE
NUMBER CORRESPONDING TO THE LOGARITHM 1.7624 15 57.86.

TO FIND THE PRODUCT OF TWO OR MORE FACTORS BY USING LOGARI|THMS
THE RULE FOR FINDING THE PRODUCT OF TWO OR MORE FACTORS BY USING
LOGARITHMS 18 AS FOLLOWS: FIND THE SUM OF THE LOGARITHMS OF THE FACTORS.
THE PRODUCT IS THEN THE NUMBER CORRESPONDING TO THIS SUM OF LOGARITHMS.

ExampLE: FiND THE PRODUCT OF 4.62 x 0,36 x 8.528

Process: woae 4.62 = 0.,6646
Loa 0,36 = 1,5563
LoG 8,528 = Q,9308

LOG OF PRODUCT 1.1517 THEREFORE THE PRODUCT 18 EQUAL TO
THE NUMBER CORRESPONDING TO THE LOGARITHM 1.1517 or 14,18 (ANsSwER)

TO FIND THE QUOTIENT OF TWO NUMBERS BY LOGARITHMS
To FIND THE QUOTIENT OF TWO NUMBERS BY MEANS OF LOGARITHMS 18 AS
FOLLOWS: SUBTRACT THE LOGARITHMMS OF THE DIVISOR FROM THE LOGARITHM OF THE
DIVIDENDs THE QUOTIENT 18 THE NUMBER CORRESPONDING TO THIE DIFFERENCE.

ExamPLE 13 FIND THE QUOTIENT OF 42,65 % 64873

Process$ LoG 42,66 = 11,6299
LOG 6,873 =
LOG OF QUOTIENT = 0,7927

THEREFORE, THE QUOTIENT 18 EQUAL TO THE NUMBER CORRESPONDING  TO
THE LOGARITHM 0,7927 or 6.204.

SOMETIMES WHEN SOLVING PROBLEMS 8Y MEANS OF LOGARITHMS YOU Wikl
FIND THAT THE ANSWER AS OBTAINED WITH LOGAR{THMS DOES NOT CHECK EXACTLY
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WITH THE ANSWER AS OBTAINED BY CONVENTIONAL CALCULATION. THE REASON FOR
THMI8 18 THAT THE LOGAR (| THM METHOD (8 ONLY AN APPROXIMATE ltfﬂOD,Nﬂlﬂ-
THELESS T (8 SUFFICIENTLY ACCURATE FOR PRACTICAL PURPOSES—THME ODIFFER=
ENCE (N RESULTS BEING ONLY BLIGNT,

Exampie 21 8oLvE THE FoLLOwiNg ProsLEM: Sa312 X 0,8837 x 4, 362
3«73 x 0.4216 x 36,85

OUR FIRST STEP IN AN EXAMPLE OF THIS TYPE 18 TO FIND THELOGARITHM
OF THE NUMERATOR IN THE SAME MANNER AS WAS JUST EXPLAINED TO YOU REQGARD=
ING THME OETERMINING OF THE PRODUCT OF A SERIES OF NUMBERS BY MEANS OF LOQ
ARITHMS, WE THUS OBTAIN THE FOLLOWINGS

we €.372 = 0.8042
we 0.6837 = 9.8348 - 0
Log 4,362 =
11.2787 = 10
LOG OF NUMERATOR = |,2787

THE NEXT STEP 18 TO FIND THE LOQARITHM OF THME DENOMINATOR N THE
SAME MANNER AND THIS REBULTS IN THE FOLLOWING?

Loa 3.73 = 0.,6717
Loa 0.42]|6= 9,6249 - |0
Lo@ 36,65 =
11,7607 = {0
LOG OF DENOMINATOR = |,7607

THE NEXT 8TEP I8 TO DIVIDE THE NUMERATOR BY THME OENOMINATOR OF OUR
QIVEN PROBLEM AND TO THIS WE FIRST SUBTRACT THE LOGARITHM OF THE OENOM~
INATOR FROM THE LOGAR)THM OF THE NUMERATOR AS FOLLOWSS

LOG OF NUMERATOR = 1,/2787
LOG OF DENOMINATOR = _+_1m1
LOG OF QUOTIENT = [.5180

THEREFORE;_THE QUOTIENT 18 EQUAL TO TME NUMBER CORRESPONDING TO
THME LOGARITHM OF |,5180 or 0.3296, THE ANSWER TO THIS GIVEN PROBLEM 18
THEREFORE 0.3296 (APPROX IMATELY).

TO FIND THE POWER OF A NUMBER BY LOGAR|THMS

To FIND THE POWER OF A NUMBER BY LOGARITMME THE RULE (8 ASPFOLLOWE?
MULTIPLY TME LOGARITHM OF THE NUMBER BY THE EXPONENT OF THE POWER, Tue
NUMBER CORREBPONDING TQ THIS LOGARITMM 18 THE REQUIRED POWER,

ExampLe |3 Fino THE vawse or (2.378)

Procesgs: Lae 2,378 = 00,3762
6 x LoG 2.378 = 2.2572 = LOG OF POWER.
TME NUMBER CORRESPONDING TO THE LOGARITHM 2,2672 =
180.8 ano THEREFORE (2.378)°= 180,8 (answen),

ExampLe 2t FyND THE YALUE OF (9.876)%

ProcEss: we 9,876 = 0.9848
:(5/4 or)’;oo 9.876 = 0.9946 x 3/4 = 0.7460 = Loa
9,876)7%
THEREFORE (9.876)’/4- 5.671 (angwer)
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TO FIND THE ROOT OF A NUMBER BY LOGAR|ITHMS

THE RULE FOR FINDING THE ROOT OF A NUMBER BY LOGARITHMS 8 AS FOLL

owst: Djivioe THE LOGARITHM OF THE NUMBER BY THE INDEX OF THE ROOT, THe
NUMBER CORRESPONDING TC THIS LOGARITHM 1§ THE REQUIRED ROOT,

5
ExamPLE |3 Fino V27,658 |
Processs L7G 27.668 = |.4418 5
1/6 Loa 27.6568 = 0,2884 = Loa ¥ 27.658
THEREFORE, %}27.658 = 1.943

-6
ExamPLE 2% Fino Y0.008673
Process? Log 0,008673 = 7.9382 = 10

Loa Y0.008673 = 1/6 o (7.9382~10)
1/6 oF (57.9382-60)
9. 656410

1.6564

6
THEREFORE Q0.008673 = 0.45633

NOTICE IN THIS EXAMPLE, THAT WHEN WE ARE TO DIVICE A LOGARITHM
WITH A NEGATIVE CHARACTERISTIC WHICH IS NOT A MULTIPLE OF THE DIVISOR, IT
18 BEST TO FIRBT ADD AND SUBTRACT SUCH A NUMBER OF TIMES |0 80 THAT AFTER
DIVICING THERE WiLL BE A =10 AT THE RIGHTs THUS IN THE ABOVE,BEFORE ODf~
vioing (7.9382=10) ey 6,wE ADD AND SUBTRACT 50.

Examinatisn Questions

LESSON AS-8

le = WHAT 18 THE vaLUE oF (3a'8)°1?
2. = WAT 18 THE AOOT OF VA" ste"?
3e = WHAT 18 THE LOGARITHM OF 3|57
4, = WHAT 15 THE LOGARITHM OF 54457
Be = WHAT NUMBER HAS 2.6160 FOR A LOGAR)THM?!

: 5 - _
Be = FiND THE vaLUE OF (4.765) BY USING LOGARITHMS AND SHOW
ALL YOUR WORK,

7. = Fino THE PRODUCT OF 3,72 x 0.86 x 5.624 sy using LoG~
AR(ITHMS AND SHOW ALL YOUR WORK,

B8e = FIND THE QUOTIENT OF 63,474,726 BY MEANS OF LOGARITHMS.

9, = SOLVE THE FOLLOWING PROBLEM BY MEANS OF LOGARITHMS?

4 4
2.63 x 0.3942 x 38,73

10e= EXPRESS THE VALUE 3.5 X 107AS A CONVENTIONAL NUMBERe
PRINTED IN UeBe
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LESSON NO. A.S.-9

THE DECIBEL

IN PREVIOUS LESSONS,WE REFERRED TO THE GAIN AND OUTPUT OF AMPLIFIERS
CONSIDERABLE, SPEAKING OF THESE CHARACTERISTICS IN TERMS OF VOLTAGE AND
WATTS. FOR EXAMPLE, WE MAY SAY THAT A CERTAIN AMPLIFIER OFFERS A VOLTAGE
GAIN OF 270 AND THAT IT FURNISHES AN OUTPUT POWER OF 5 WATTS.

Now LET US MAKE A COMPARISON BETWEEN TWO AMPLIFIERS OF DIFFERENT POW
ER OUTPUT RATINGS AND ANALYZE THE SITUATION WITH RESPECT TO THE SOUND
VOLUME AS PERCEIVED BY THE EAR.

AMPLIFIER #] IN Fi1G. 2 FURNISHES A POWER OUTPUT OF 5 WATTS AND AMP-
LIFIER #2 OF F1G.2 FURN-
ISHES A POWER OUTPUT OF
10 WATTS.IN OTHER WORDS,
AMPLIFIER #2  SUPPLIES
JusT TWICE THE POWER OUT
PUT OF AMPLIFIER #1,AND
UPON FIRST THOUGHT ONE
MIGHT SUPPOSE THAT WHEN
OPERATING AT FULL VOLUME,
THE SOUNDS EMITTED BY
AMPL | FIER#2 WOULD APPEAR
TO THE EARAS BEING TWICE
AS LOUD AS THOSE FROM AM
PLIFIER #].SUCH,HOWEVER,
IS NOT THE CASE BECAUSE
OUR SENSE OF HEARING DOES
NOT RESPOND TO DI FFERENT
SOUND ENERGIES L INEARLY
OR IN DIRECT PROPORTION
TO THE CHANGE IN SOUND
ENERGIES. INSTEAD OF THIS,
OUR SENSE OF HEARING RE-
SPONDS TO DI FFERENT SOUND

Fig. 1
A.F. Amplifying Equipment In
Studio Control Room.
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ENERGIES LOGARITHMICALLY OR TO PUT |T ANOTHER WAY,THE EAR'S RESPONSE IS
PROPORTIONAL TO THE LOGARITHM OF THE CHANGE IN SOUND ENERGY.

IT THUS BECOMES APPARENT THAT IN ORDER TO EXPRESS THE RATIO OF POW=-
ERS OF EITHER ELECTRICAL OR SOUND ENERGIES WITH RESPECT TO THE RESPONSE
OF THE EAR, A SPECIAL UNIT OF MEASUREMENT SHOULD BE USED AND SUCH IS THE
CASE IN PRACTICE. THIS UNIT IS KNOWN AS THE DECIBEL AND 15 GENERALLY
ABBREVIATED AS "pB";"DB" orR "DB", THE DECIBEL 1S ALSO FREQUENTLY SPOKEN
OF As THE TRANSMISSION UNIT AND WHICH IS ABBREVIATED AS "Tu",

OUR NEXT STEP WILL BE TO SEE HOW THE DECIBEL IS RELATED TO POWER RA-
TIOS AND THIS IS EXPRESSED AS A FORMULA [N THE FOLLOWING MANNER:

DeciseLs = 10 Log, P (THE LARGER POWER)
P, (THE SMALLER POWER)

THIS FORMULA STATES THAT THE VALUE IN DECIBELS IS EQUAL To I0 TIMES
THE LOGARITHM OF THE POWER RATIO TO THE BASE 10. THE BAse 10 is UNDER
STOOD AND THERE FORE FREQUENTLY OMITTED IN THE FORMULA.TO ILLUSTRATE THIS,
LET US RETURN TO OUR EXAMPLE IN FIG, 2 AND SEE HOW THINGS WORK OUT.

THE POWER OUTPUT FOR AMPLIFIER #| 1S 5 WATTS AND THIS VALUE IS RE-
PRESENTED AS P2 IN THE FORMULA. THE POWER OUTPUT FOR AMPLIFIER #2 15 10
WATTS AND THIS VALUE IS REPRESENTED AS P, IN THE FORMULA. SUBST ITUT ING
THESE VALUES IN THE FORMULA, WE HAVE:

DeciBeLs = |0 Loew 10

10 Log 2
10 x 0.3010
3 (APPROX IMATELY)

EXPLANATION: THE FIRST STEP IN THIS PROBLEM IS TO DIVIDE THE |0 BY

Amplifier N2 1 Amp“ﬁ'zr Ne 2

Power output = 5 wWalts Power output = 10 Watts

Fla.Z
A Comparisorn Betweern Amplifiers.



LESSON NO.9 PAGE 3

THE 5 AND THUS OBTAIN THE 2 IN THE SECOND LINE., WE THEN LOOK UP THE LOG~
ARITHM OF 2 IN TaABLE | OF THE PRECEDING LESSON, FINDING IT To Be 0.3010
AND MULTIPLYING THIS 8Y |0 WE OBTAIN OUR ANSWER OF 3 THIS MEANS THAT
AMPLIFIER #2 FURNISHES AN OUTPUT OF 3 DECIBELS OR 3 DB, QREATER THAN THAT
oF AMPLIFIER #].

THEORETICALLY ONE DB: I8 THE SMALLEST CHANGE IN SOUND ENERGY WHICH
THE HUMAN EAR CAN RECOGNIZE BUT GENERALLY SPEAKING, IT REQUIRES A GOOD
SENSE OF HEARING TO NOT ICE SOUND ENERGY CHANGES OF 3 DB

FrROM THE PRECEDING EXPLANATION YOU WiLL S8EE THAT EVEN THOUGH THE
POWER OUTPUT OF AMPLIFIER #2 18 TWICE THAT OF AMPLIFIER #l,YET A8 FAR AS
THE EAR IS CONCERNED, THERE WILL BE BUT SLIGHT DIFFERENCE IN THE SOUND IN-
TENSITIES DELIVERED BY THESE TWO AMPLIFIERS.

IT 18 1MPOR~
TANT TO NOTE THAT [aput power = Output power=
THE DECIBEL 18 A 0.006 Mw. 15 Watts
RELATIVE  VALUE _ S 7
RATHER THAN AN A8 M"r°Ph°"‘7 ot iy L
S8OLUTE vALUE, IN {fi Amplifier g;
OTHER WORDS,WE C T, ,;, 06
NOT S8PEAK o; Auzg 270?474(’?44//
PLIFIER AS HAVING
AN OUTPUT OF 80 Gain = ©3.39 Db.
MANY DB, BUT WE
CAN SAY THAT A Fla.>
CERTAIN AMPLIFJER Aalisior  Cofs

HAS AN OUTPUT OF

80 MANY DBe MORE OR 'LESBS THAN ANOTHER AMPLIFJIER WITH WHICH A COMPAR]ISON
I8 BEING MADE., IN LIKE MANNER, IF WE ASSIGN SOME ARBITRARY VALUE SUCH AS
10 MILLIWATTS, FOR EXAMPLE, A8 A REFERENCE POINT AND COMPARE THE OUTPUT
OF SEVERAL AMPLIFIERS TO THIS |0 MILLIWATT REFERENCE LEVEL,THEN WE  CAN
SAY THAT ONE OF THE AMPLIFIERS HAS |5 DB, CR 75 DB. GREATER OR LESS OUI
PUT. THE 10 MILLIWATTS WOULD IN THIS CASE BE CONSIDERED AS THE "ZEroPow-
ER LEVEL",

IN BROADCAST WORK IT HAS BECOME CUSTOMARY TO USE €& MILLIWATTS OR
0.008 WATT AS THE ZERO LEVEL,WHEREAS |0 MILLIWATTS OR 0,010 “WATT 18 usED
IN SOME TYPES OF TELEPHONE WORK,

GA IN EXPRESSED IN DECIBELS

|T HAS BECOME THE COMMON PRACTICE TO EXPRESS THE GAIN OF AMPLIFIERS
IN TERMS OF DECIBELE AND AN EXAMPLE OF SUCH IS ILLUSTRATED IN FiGs3.HERE
LET US SUPPOSE THAT THE INPUT TO THE AMPLIFIER S EQUAL TO 0,006 miLLI~
WATT OR 0.000008 WATT AND THAT THE OUTPUT POWER DELIVERED AT THE SPEAKER
AMOUNTS TO |5 WATTS. SUBSTITUTING THESE VALUES INTO THE FORMULA De = 10
Loqo_ghl we wouLp Have De (@aIn) = 10 Los I5__ = 10 Lo 2,500,000 =

Pz 0.000006
10 X 663971 = 63.39. IN OTHER WORDS, THE GAIN OF THE AMPLIFYING SYSTEM (N
Fice 3 WOULD AMOUNT To 63,39 peciBeLs or 63.39 De.

ATTENUAT ION
NOT ONLY 18 THE DECIBEL ASSOCIATED WITH THE GAIN OF AMPLIFYING 8Y8—
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TEMS BUT IT 1S LIKEWISE USED IN CONNECTION WITH LOSSES IN AN AMPLIFYING
SYSTEM. FOR EXAMPLE, IN THE SYSTEM ILLUSTRATED IN Fia. 4 THE AMPLIFIER
IS PROVIDING AN OUTPUT OF |0 WATTS AND THE LINES BETWEEN THE AMPL |IFIER
AND THE SPEAKER ARE RESPONSIBLE FOR A POWER LOSS AMOUNTING TO 200 MILL| -
WATTS, THIS MEANS THAT THE ACTUAL POWER AVAILABLE AT THE SPEAKER WILL
Be 10 MiNus 0.2 = 9.8 waTTs. ExPRESSED IN DECIBELS, THIS LINE LOSS WOULD
FIGURE OUT AS FoLLows: DB = |0 Log Pr= 10 Log 10 = 10 x Lo 1.02 =
P, 9.8
10 x 0.0086 = 0.08 De. LOSS IN THE TRANSMISSION LINE. THIS LOSS OF EN-
ERGY 1S COMMONLY SPOKEN OF AS ATTENUATION AND THIS MEANS THAT THE TRANS-
MISSION LINE IN THE SYSTEM OF FiG. 4 cAN BE SAID TO OFFER AN ATTENUAT ION
AMOUNT ING To 0,08 Ds.

IT IS ALSO CUSTOMARY TO REFER TO AN INCREASE IN POWER AS SO MANY
"DB UP" AND LOSSES IN POWER AS SO MANY "DB DOWN".

THE DECIBEL AS RELATED TO VOLTAGE AND CURRENT CHANGES
SO FAR, YOU HAVE ONLY BEEN SHOWN HOW THE DECIBEL IS RELATED TO POW~-

ER RATI0S AND
STRICTLY SPEAK-

Amplifier output = ING THE DECIBEL
1) e 5P¢°““7 DEALS WITH POW~-
ER RATIOS ONLY.

//4?224//42229/ THERE ARE TIMES,

AMPLIFIER, 7/ Linez 7 HOWEVER, WHEN IT
zfzzgéa? o v é% IS DESIRABLE TO
/////’ /9/ l I DETERMINE A Ds.
i—Power loss in line ] GAIN OR ATTENUA-

' = 200 Mw, — ™| TION IN TERMS OF

VOLTAGE CHANGES
FiG. 4 OR CURRENT CHANG

ES. FOR THIS,THE
Ex / 0, Loss. ¢
ample of DB. TWO FOLLOWING

FUNDAMENTAL FORMULAS ARE AVAILABLE:

DeciBELS

20 Log E. (THE LARGER VOLTAGE)
' £, (THE SMALLER VOLTAGE)

I, (THE LARGER CURRENT)

T, (THE SMALLER CURRENT)

AND DEcCIBELS

20 LoG o

CARE MUST BE EXERCISED IN APPLYING THESE LATTER TWO FORMULAS, HOW-
EVER, BECAUSE THEY ARE ONLY CORRECT PROVIDED THAT THE IMPEDANCES ARE
EQUAL ACROSS WHICH THESE TWO VOLTAGES ARE APPLIED OR THRU WHICH THESE
TWO CURRENT VALUES FLOW,

IN THE EVENT THAT THE IMPEDANCES ARE NOT EQUAL THEN THE FOLLOWING
FORMULAS SHOULD BE USED.

DeciBELsS

20 LoG

H

m|m
— o

o | oo

x;\

N |-

3

AND DeciBELS 20 LoG

n
L
™
™
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IF THE NATURE OF THE CIRCUIT (8 SUCH THAT THE VOLTAGES IN QUESTION
ARE APPLIED ACROSS A PURE RESISTANCE CIRCUIT OR THE CURRENTS [N QUESTION
FLOW THROUGH A PURE RESISBTANCE CIRCUIT,THEN R; AND R, IN THE PRECEDING
FORMULAS WILL BE EXPRESSED IN OMMS RESISTANCE WHEREAS (F THE CIRCUITS BE
INQG CONS|DERED INVOLVE INDUCTANCE, CAPACITY AND RESISTANCE OR ANYCOMBIN=
ATION THEREOF, THEN R; AND R,0F THE FORMULAS WILL HAVE TO BE EXPRESSED IN
TERM8 OF EFFECTIVE IMPEOANCE.

Now LET US PROCEED AND SEE HOW THIS8 LAST GROUP OF FORMULAS WOULD BE
APPLIED IN PRACTICE, FIRST, WE SHALL CONSIDER PROBLEMS IN WHICH THE RE-
SISTANCES OR |MPEDANCES ASSOCIATED WITH THE TWO VOLTAGE AND CURRENT VAL~
UES ARE EQUAL.,

CALCULATING THE VOLTAGE GAIN OF AN AMPLIFIER IN TERMS OF DECIBELS

IN FiGe 5 YOU ARE SHOWN THE ARRANGEMENT OF AN AMPLIFYING SYSTEM CON
8ISTING OF THREE AMPLIFYING UNITS, NAMELY, A PRE-AMPLIFIER,AN INTERMED™=
IATE AMPLIFIER AND A FINAL AMPLIFIER, THESE THREE UNITS ARE LOCATED IN
DIFFERENT PARTS OF A STUDIO AND ARE INTERCONNECTED WITH A  TRANSM{SS8ION
LINE. THE S8IGNAL 1S PASSED THROUGH EACH OF THESE UNITS IN TURN,AMPLIFIED

To Microphone To speakers
T 77777
INTERMEDIATE P——4 FyNaL =
AMPLIFIER, x AMPLIFIER,
/ /s r) ) e

Ilnput VYoltage = 3v. Output voltage =150 V.

FIGg.5
A System of Amplifying Units.

BEFORE BEING PASSED ON TO THE NEXT AND UNTIL THE SIGNAL FINALLY REACHES
THE SPEAKERS.

WE SHALL ASSUME THAT THE (INPUT IMPEDANCE TO THE INTERMEDIATE AMP—
LIFIER I8 EQUAL TO THE OUTPUT IMPEDANCE OF THIS SAME AMPLIFIER AND THAT
THE SIGNAL VOLTAGE INPUT TO THE INTERMEDIATE AMPLIFIER AMOUNTS TO 3 voLTs
AND THE OUTPUT S1GNAL VOLTAGE FROM THIS SAME AMPLIFYING UNIT AMOUNTS TO
20 voLTs. WiITH THESE FACTS8 KNOWN,CALCULATE THE GAIN OF THIS INTERMEDIATE
AMPLIFIER EXPRESSED IN DB, S8INCE THE INPUT AND OUTPUT TERMINAL IMPEDAN—
CES OF THIS INTERMEDIATE AMPLIFIER ARE EQUAL, THE FORMULA TO USE IN 8OL—
VING THIS PROBLEM (8¢

DecieeLs = 20 uoelo...g_a AND IN WHICH CASE THE vALUE FOR E, = |50

VOLTS AND THE VALUE FOR Ez = 3 vOLTS., SUBSTITUTING THESE VALUES IN THE
FORMULA, WE HAVE?

DeciseLs = 20 '-°°xo'|'£,,m
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DeciseLs = 20 Loa 50

20 x 1.6990

33.98

IN OTHER WORDS, THE INTERMEDIATE AMPLIFIER IN FiGe 5 PROVIDESA GAIN
OF APPROXIMATELY 34 08, ’

APPL|CAT|ON OF THE DEC|IBEL TO CIRCUITS INVOLVING CURRENT CHANGES

INn FiGe 6 WE HAVE A CIRCUIT IN WHICH A TRANSMISSION LINE SERVES., AS
THE CONNECTING LINK BETWEEN THE SOURCE OF POWER AND THE LOAD. LET Us As~
S8UME THAT UNDER NORMAL CONDITIONS 20 MILLIAMPERES FLOWS THROUGH THE TRAN
SMISSION LINE AND THAT THE LOAD I8 THEN INCREASED TO SUCH A POINT  THAT
THE CURRENT THROUGH THE TRANSMISSION LINE RISES TO A VALUE OF TOMILLiAM—

PERES: THE TERMINAL IMPEDANCE AT EACH END OF THE TRANSMISSION LINE 18
EQUALS
Transmission THE PROBLEM 1S TOFIND
ine THE LOSS EXPRESSED IN DB RE—
\k SULTING FROM THE INCREASED
4 . CURRENT FLOW THROUGH THE TRA
8 %‘E H o NSMISSION LINE OF FIXED RE-
- S S 1STANCE,
3 (o]
0 : —
Vo) : THE FORMULA TO USE IN
> THIS CASE I8}
Fla. © DeciserLs = 20 Loew—Ii
A Problem in Changing Current Valves. )

ANC SUBSTITUTING THE VALUES
oF 70 ror I, ano 20 For I, We HAVE?

DecieeLs = 20 Loclo—m-
20
= 20 oG 3.F

0 x 0.544|
10,882

THIS MEANS THAT |F THE CURRENT THROUGH THE TRANSMISSION LINE I8 IN—~
CREASED FROM 20 TOo 70 MILLIAMPERES, WE WOULD REALIZE A LOSS OR ATTENUA—
TICN OF APPROXIMATELY || DB,

CALCULATING GAIN INVOLVING DIFFERENT TERMINAL [MPEDANCES.

So FAR, ALL OF THE SAMPLE PROBLEMS DEALING WITH GAIN ANDATTENUATION
INVOLVING VOLTAGE OR CURRENT CHANGES WERE OF THE TYPE IN WHICH THE TWO RE
SISTANCES OR IMPEOANCES IN QUESTION ARE EQUAL, NOW LET US SEE HOW WE
WOULD ATTACK A PROBLEM WHERE THE IMPEDANCES INVOLVED ARE NOT EQUAL.

PROBLEM: A CERTAIN AMPLIFIER HAS | VOLT APPLIED TO ITS INPUTRES|S—
TANCE OF 15,000 oHmMss A VOLTAGE OF 50 APPEARS ACROSS ITS OUTPUT RESIST
ANCE OF 4000 oHms. F IND THE VOLTAGE GAIN EXPRESSED IN DECIBELS. :
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Formuta: 08 = 20 Log E R
e 1 2

WHERE E‘ = 50; E,L= 5 R‘ = 4000 oHms AND RL

SuBSTITUTING THESE VALUES IN THE FORMULA WE HAVE!S

DecieeLs = 20 woa ?O:' V400

o|e ofe

= 15,000 orms.

<+ 15,000
TV = i22.48
=20 e 19
. 0082
= 20 Lo¢ 96.3
= 20 x 1.9836

39.67

THUS WE HAVE DETERMINED THAT THE GAIN OF THIS PARTICULAR AMPLIFIER
18 EQUIVALENT TO APPROXIMATELY 40 DECIBELS.

POWER RATIO |N TERMS OF DECIBELS

So FAR, WE HAVE ONLY WORKED WITH PROBLEMS WHERE WE DETERMINED  THE
DECIBEL GAIN OR ATTENUATION IN TERMS OF THE VOLTAGE, CURRENT OR POWER RA
T10s QUITE OFTEN, HOWEVER, IT 18 DESIRED TO REVERSE THE PROCEDURE, THAT
18, TO DETERMINE WHAT POWER RATIO, FOR INSTANCE, 18 NECESSARY [N ORDERTO
BRING ABOUT A CERTAIN DB GAIN OR ATTENUATION. TO ILLUSTRATE THIS,LET uUs

 CONSIDER THE FOLLOWING SPECIFIC EXAMPLE,

PROBLEM: A CERTAIN CIRCUIT IS KNOWN TO OFFER A LOSS OR ATTENUATION
"oF 30 ps. WHAT POWER RATI0 CORRESPONDS TO THig Loss?

N

SoLuTiont THE BASIC FORMULA TO APPLY IN THIS cast 18 De = 10 Log,,

P3 _ AND TO SOLVE FOR THE RATIO _Pit o To DO THIS, IT 18 NECESSARY 70
Pz Pz
FIRST TRANSPOSE THE GIVEN FORMULA SO THAT THE RELAT}ON %. WiLL APPEAR
2 ;
TO THE LEFT OF THE EQUALS SI1GNe. THIS IS ACCOMPLISHED BY FIRST WRITING
THE FORMULA IN THE Form |10 uoow Pi = DB, By 8S8UBSTITUTING THE VALUE OF
P2
30 fror DB. we HavE: 10 Log _::.'= 30. THE NEXT STEP 18 TO DIVIDE THROUGH
[~d
2
THE EQUATION BY |0 AND THUS OBTAIN ._:.'= aNTILOG 3 waence _P3 = 1000.
7 P2

NOTICE THAT WE HAVE HERE USED THE EXPRESSION "aNTiLoa". To FIND THE
ANTILOG OF A NUMBER 1S JUST THE REVERSE PROCEDURE OF FINDING ITS LOGAR™
1THM. FOR EXAMPLE, THE LOGARITHM OF 1000 i1s 3 WHEREAS THE NUMBER CORRES—
PONDING TO THE LOGARITHM OF 3 OR THE ANTILOG OF 3 18 10C0O.

VOLTAGE GAIN IN TERMS OF DECIBELS

SHOULD WE BE DEALING WITH A PROBLEM INVOLVING A VOLTAGE GAIN IN TERMS
OF DB, THEN. WE WOULD PROCEED IN THE MANNER A8 JLLUSTRATED BY THE FOLLOW-
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ING EXAMPLE: A CERTAIN AMPLIFIER 18 KNOWN TO OFFER A GAIN OF 48 p8.WHAT
1S THE VOLTAGE GAIN OF THIS AMPLIFIER, ASSUMING THE [NPUT AND OUTPUT TERM
INAL IMPEDANCES AS BEING EQUAL?

SowLuTioNt THE FORMULA TO USE IN THIS cast 1s DB = 20 Loa £ AND

o £
7
SUBSTITUTING THE VALUE 48 ror DB we HAavE 48 = 20 Loow-gJ AND WE SOLVE
2
FOR THE RELATION —EL N THE FOLLOW NG MANNERS
2
20 wog —E3 =48
E.
Divioing BY 20 LoG £ = 2.4
2
Ei = anTiLOG OF 2.4
Ez
_E; = 250. THAT 18 TO SAY,THIS PARTIC~
Ez

ULAR AMPLIFIER WILL FURNISH A VOLTAGE GAIN OF APPROXIMATELY 250,

OVERALL GAIN OF AN AMPLIFYING SYSTEM

THE DECIBEL GREATLY SIMPLIFIES CALCULATING THE OVERALL GAIN OF AN
AMPLIFYING SYSTEM IN WHICH A SERIES OF GAINS AND LOSSES ARE EXPERIENCED
BETWEEN THE INPUT AND OUTPUT OF THE SYSTEMs THIE IS DUE TO THE FACT THAT
THE SUCCESSIVE GAINS AND LOSSES IN THE SYSTEM WHEN EXPRESSED IN DECIBELS
CAN BE ADDED ALGEBRA ICALLY.

FOR EXAMPLE, IN FiGe 7 WE HAVE AN AMPLIFYING SYSTEM CONBISTING OF
THREE AMPLIFYING UNITS INTERCONNECTED 8Y TRANSMISSION LINES. AMPLIFIER
#1 supPLiIES A GAIN OF 15 DB; AMPLIFIER #2 SUPPLIES A GAIN OF 35 DB AND
AMPLIFIER #3 SUPPLIES A GAIN OF 20 DB, FURTHERMORE, THE TRANSMISSION LINE
BETWEEN AMPLIFIER #| AND AMPLIFIER #2 INTRODUCES A LOSS OF 6 DB AND THE
TRANSMISSION LINE BETWEEN AMPLIFIER #2 AND AMPLIFIER $#3 INTRODUCES A LOSS
ofF 5 o8B

TO CALCULATE THE OVERALL GAIN OF THIS S8YSTEM, WE ADD THE DB VALUES
OF THESE VARIOUS SECTIONS TOGETHER ALGEBRAICALLY, REMEMBERING THAT ALL
GAINS ARE CONSIDERED AS POSITIVE DB VALUES AND ALL LOSSES AS NEGATIVE DB
VALUES., THEREFORE, THE OVERALL GAIN OF THE 8YSTEM IN Fi1Gas 7 FROM THE IN-
PUT OF THE FIRST AMPLIFIER TO THE OUTPUT OF THE FINAL AMPLIFIER WOULD BE
WRITTEN IN THE FOrm + |5 pe =6 o8 + 35 o8 =5 o8 + 20 o8 = +59 D8,

IT 1S ALSO TRUE THAT IF THE GAIN OF EACH STAGE OF AN AMPLIFIER 18
KNOWN IN TERMS OF DECIBELS, THEN THE OVERALL GAIN OF THE AMPLIFIER EX=—
PRESSED IN DECIBELS WILL BE EQUAL TO THE S8UM OF THE DB. QAIN OF THE VAR~
f0US STAGES.

FREQUENCY RESPONSE CURVES

WHEN CONSIDERING THE MERITS OF AN A.F. AMPLIFIER, IT I8 IMPORTANT TO
KNOW HOW MUCH IT AMPLIFIES EQUAL INPUT VOLTAGES THROUGHOUT THE AUDIO FRE
QUENCY RANGEs, THIS TESBT CAN BE MADE BY CONNECTING AN A.F, OSCILLATOR A*-
CROSS THE INPUT TERMINALS OF THE AMPLIFIER AS SHOWN IN Fi@e 8. SucH AN
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OSCILLATOR CAN BE MADE TO GENERATE AN AUDIO FREQUENCY SIGNAL OR NOTE OF
ANY FREQUENCY DESIRED WITHIN ITS RANGE. THIS OSCILLATOR IS ADJUSTED IN
TURN TO GENERATE A VARIETY OF DIFFERENT AUGIO SIGNALS AND THE SIGNAL voL
TAGE CAREFULLY MEASURED ACROSS THE INPUT TERMINALS OF THE AMPLIFIER BY
MEANS OF THE VACUUM TUBE VOLTMETER.FOR EACH FREQUENCY SETTING,THE OSCILL
ATOR 1S ADJUSTED SO THAT THE SAME VOLTAGE IS AVAILABLE ACROSS THE INPUT
TERMINALS OF THE AMPLIFIER.

THE VACUUM TUBE VOLTMETER, WHICH IS CONNECTED ACROSS THE OUTPUT OF
THE AMPLIFIER, IS USED TO MEASURE THE OUTPUT SIGNAL VOLTAGE AVAILABLE FOR
EACH FREQUENCY SETTING OF THE A.F. 0SCILLATOR. LET US SUPPOSE, FOR EX~-
AMPLE, THAT THE CHARACTERISTICS OF THIS PARTICULAR AMPLIFIER UNDER TEST
ARE SUCH THAT THE OUTPUT VOLTAGE IS 8 TIMES AS GREAT AS THE INPUT VOLTAGE
WHEN A |00 CYCLE SIGNAL 1S BEING PRODUCED, 80 TIMES AS GREAT WHEN A 1000
CYCLE SIGNAL IS BEING PRODUCED AND |50 TIMES As GREAT WHEN A 5000 cycLe

Gain'= 15 Db. Gain =35 Db. Gain = Zzo Db.
7/ /)
R R

Input #1 7
e i S
\/

Line loss =& Db, Line loss = 5Db.

Fl1G. 7
Overall D.B. Gain

SIGNAL 1S BEING PRODUCED., THESE FIGURES MEAN THAT THIS PARTICULAR AMPL I
FIER HAS A VOLTAGE AMPLIFICATION OF 8 AT 100 CYCLES,A VOLTAGE AMPLI=-
FICATION oF 80 AT 1000 CYCLES AND A VOLTAGE AMPLIFICATION OF 150 AT 5000
CYCLES. IN WORK DEALING WITH AUDIO FREQUENCIES,THE AMPLIFICATION AT |000
CYCLES IS GENERALLY TAKEN AS A REFERENCE AND THE AMPLIFICATION AT ALL
OTHER FREQUENCIES COMPARED TO THIS VALUE.

SINCE THE VOLTAGE AMPLIFICATION AT 1000 cvctes 1s 80 FOR THE PARTIC
ULAR AMPLIFIER UNDER CONSIDERATION, THIS VALUE OF 80 WILL BE USED AS THE
REFERENCE POINT. SINCE THE GAIN AT 100 cYCLES IS ONLY 8, THE RATIO BE-

TWEEN THE 1000 CYCLE GAIN AND THIS VALUE BECOMES 80 = |0. ExPRESSED IN
DECIBELS THIS WOULD BE EQUIVALENT TOo 20 DB. WHICH IS SHOWN AS FOLLOWS:
Ds = 20 Log, 80 - 20 x Log 10 = 20 x | = 20.

°8
THe 100 CYCLE AMPLIFICATION 1S THEREFORE 20 De. LEsSs THAN THE 1000
CYCLE AMPLIFICATION.

AT 5000 CYCLES THE VOLTAGE RATI0 BECOMES 1%9 = 1.87 AND THIS wouLD
0

BE EQUIVALENT TO A GAIN OF 5.43 DB.AS PER THE FOLLOWING CALCULATIONS:

Ds = 20 LoG lg% = 20 Lo 1.87
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De = 20 x 0.2718

5.43

THE IDEAL AMPLIFIER WOULD AMPLIFY ALL FREQUENCIES OF THE AUDIO FRE-
QUENCY RANGE UNIFORMLY WELL. SUCH RESULTS, HOWEVER, ARE NOT REALIZED IN
ACTUAL PRACTICE ALTHOUGH SOME VERY REMARKABLE RESULTS ARE BEING OBTAINED.

THE AMPLIFIER FOR WHICH THE CALCULATIONS HAVE JUST BEEN GIVEN  HAS
POOR CHARACTERISTICS IN THAT A DECIDED LOSS |S OBTAINED AT THE LOWER FRE
QUENCIES SO THAT THE LOW NOTES WOULD BE PRACTICALLY INAUDIBLE,WHILE ON
THE OTHER HANDyTHE HIGH NOTES WOULD BE ACCENTUATED CONSIDERABLY ABOVETHE
NORMAL 000 cYCLE LEVEL. |T THUS BECOMES 08VIOUS THAT THE DECIBEL |8 OF
GREAT VALUE [N EXPRESSING THE PERFORMANCE OF AMPLIFYING EQUIPMENT IN TERMS
OF THE EFFECT UPON THE EARS OF THE LISTENER., |T IS CUSTOMARY TO PLOT FRE
QUENCY RESPONSE CURVES FOR AMPLIFIERS IN THE MANNER SHOWN YOU IN FiG. 9.

HERE THE FREQUENCIES ARE LAIC OFF HOR|ZONTALLY ON GRAPH PAPER WHICH s
RULED VERT|CALLY ACCORDING TO A LOGARITHMICAL SCALE WHEREAS 1T8 HOR|ZON=~
TAL LINES ARE
RULED EQUIDISTANT
4( /// APART TO DESIG=
ALF 7 ﬁ/_vv‘s' NATE THE GAIN EX
Oscillator %4/ g oltmeter FREESE L) Bl
] I BELSe
Amplifier 7
WHEN  THE
A 7 Z 2
/ / 1 = 7 &’_{ DB VALUES AT DIE
a ry s
5 ///, FERENT FREQUEN—
7 L 8 CIES HAVE  BEEN
OBTAINED BY THE
TEST ILLUSTRATED
Figa. & in Fic. 8, THEN
Set-up for a Performance Tes+. Bl A= e

POINTS ARE PLOTY
ED ON THE GRAPH PAPER AND CONNECTED TOGETHER WITH A CONTINUOUS LINE TO
FORM A CURVE SIMILAR TO THAT SHOwN You [N Fia. 9

THe CURVE IN FiGe 9 SHOWS THAT THE PARTICULAR AMPLIFIER FROM WHICH
1T WAS PLOTTED OFFERED UN|FORM AMPLIFICAT ION THROUGHOUT THOSE FREQUENCIES
EXTENDING FRoM [00 T9 3000 cYCLES PER SECOND., (T DROPS GRADUALLY  UNTIL
THE 4000 CYCLE POINT 1S REACHED AND THEN DROPS OFF ABRUPTLY AS A FREQUEN-
cy oF 10,000 cyCLES s APPROACHEDs FROM |00 CYCLES DOWNWARD, THE GAIN IN—
CREASES SLIGHTLY UNTIL A POINT CORRESPONDING TO 55 CYCLES IS REACHED AND
THEN DROPS OFF RAPIDLY AT FREQUENCIES BELOW 55 CYCLES.

NOT ONLY ARE GRAPHS AS THIS USED FOR JLLUSTRATING THE PERFORMANCE OF
AMPLIFIERS BUT THEY ARE ALSO EMPLOYED TO ILLUSTRATE THE PERFORMANCE  OF
VARIDUS UNITS WHICH ARE USED IN AUDIO FREQUENCY AMPLIFYING SYSTEMS SUCH
AS M|CROPHONES, SPEAKERS, A.F. TRANSFORMERS ETCs

ANOTHER PROBLEM [NVOLVING DB GAIN

S0 AS TO BE CERTAIN THAT YOU FULLY UNDERSTAND HOW TO FIGURE THE VOL
TAGE GAIN EXPRESSED IN DECIBELS WHEN THE [MPEDANCES IN QUESTION ARE NOT

EQUAL LET US CONSIDER ONE MORE PROBLEM. HERE IT 18 A CERTAIN AMPLIFIER
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HAS AN INPUT IMPEDANCE OF 500,000 OHMS AND ACROSS WHICH A SIGNAL VOLTAGE
ofF 0.5 VOLT IS IMPRESSED. A SIGNAL VOLTAGE OF 30 VOLTS IS AVAILABLE
ACROSS AN IMPEDANCE OF JOOO OHMS IN THE OUTPUT OF THIS AMPLIFIER.WHAT 1Is
THE VOLTAGE GAIN OF THIS AMPLIFIER EXPRESSED AS DB?

SoLuTION: THE FORMULA TO USE HERE IS:

De =20 tog, E YR,

E,x VR,

THE vALUE fForR B, = 20 voLTs; Ry = 7000 oHMs; E,= 0.5 voLts anD Ry =
500,000 oHMs. By SUBSTITUTING THESE VALUES IN OUR FORMULA WE HAVE:

Ds = 20 Log,, 39 * Mﬁ
-5 + V500,00
- 30 + 83.7
Ds = 20 Log, 0.5 = 712 %7
-0
0.358 S A
De = 20 LOG'O—jO'?)OT A o
. \
T
Ds = 20 LoG 5I1 £*
s |
Ds = 20 x 2.708k ol L 1
2 8 g g
De = 54 APPROXIMATELY. Frequency in Cycles per Sec. J
THE VOLTAGE GAIN OF THIS AM T
PLIFIER WOULD BE EQUIVALENT TO AP o &)
PROX IMATELY Sk Ds. A Frequency Response Curve.
THIS 1S A VERY IMPORTANT LESSON AND YOU ARE URGED TO STUDY IT

WITH UTMOST CARE. YOU WILL FIND COMPUTATIONS SUCH AS EXPLAINED IN THIS
LESSON TO BE USED CONSIDERABLY IN LATER LESSONS OF THIS COURSE,AS WELL
AS IN ENGINEERING WORK OUT IN THE INDUSTRY,

IN THE NEXT LESSON YOU ARE GOING TO BE TOLD ABOUT VARIOUS VOLUME
CONTROL SYSTEMS AS USED IN AMPLIF%ERS,AS WELL AS BEING MADEFAMILIAR WITH
MIXERS, AND OTHER ALLIED SUBJECTS.




EXAMINATION QUESTIONS

LESSON NO. A.S5.-9

DerFiNe THE DeciseL.

JF A CERTAIN AMPLIFIER AT ONE PART ICULAR TIME FURNISHES AN QUTPUT

OF 3 WATTS AND THIS OUTPUT IS THEN lNQFhAszo TO 12 WATTS, HOW MANY
DECIBELS WILL THIS POWER INCREASE REPRESENT?

WHAT 1S MEANT BY THE EXPRESSION ATTENUATION?

THE INPUT AND OUTPUT IMPEDANCES OF A CERTAIN AMPLIFIER ARE EQUALLIF
A SIGNAL VOLTAGE OF 2 VOLTS IS APPLIED TO THE INPUT OF THIS AMPL|=

FIER AND A SIGNAL VOLTAGE OF I00 APPEARS AT ITS OUTPUT, WHAT IS THE
GAIN OF THIS AMPLIFIER EXPRESSED DB,?

A CERTAIN CIRCUIT IS ARRANGED SO THAT BY OPENING A SWITCH ADDI-
TIONAL RESISTANCE IS ADDED TO THE CIRCUIT AND BY CLOSING THE SWITCH,
THE RESISTANCE OF THE CIRCUIT IS REDUCED.WHEN THIS SWITCH IS CLOSED,
A CURRENT OF (OO MILLIAMPERES FLOWS THRU THE CIRCUIT AND WHEN THE
SWITCH IS OPEN, A CURRENT OF 25 MILLIAMPERES OF CURRENT FLOWS THRU
THE CIRCUIT, WHAT ATTENUATION EXPRESSED IN DB. IS OBTAINED WHEN THE
SWITCH IS OPEN AS COMPARED WITH THE SWITCH IN THE CLOSED POSITiON?

A CERTAIN AMPLIFIER HAS 0.75 VOLTS APPLIED TO ITS INPUT RESISTANCE
ofF 20,000 oHMS.A SIGNAL VOLTAGE OF 75 APPEARS ACROSS ITS OUTPUT RE-

SISTANCE OF 6000 OHMS. WHAT IS THE GAIN OF THIS AMPLIFIER EXPRESSED
IN DB.?

AN AMPLIFIER 1S KNOWN TO FURNISH A GAIN ofF 60 DB.,AND AT WHICH TIME
A SIGNAL VOLTAGE OF 30 VOLTS IS BEING DELIVERED. WHAT IS THE SIGNAL
VOLTAGE INPUT TO THE AMPLIFIER AT THIS TIME? CONSIDER THE INPUT AND
OUTPUT IMPEDANCES OF THIS AMPLIFIER TO BE EQUAL.

A CIRCUIT IS KNOWN TO OFFER AN ATTENUATION OF 50 DB. WHAT POWER RA-
TI0O CORRESPONDS TO THIS LOSS?

FOUR AMPLIFIERS ARE CONNECTED IN SERIES. AMPLIFIER #| OFFERS A GAIN
oF 20 DB; AMPLIFIER #2 A GAIN OF 50 DB; AMPLIFIER #3 A GAIN OF 8o
De AND AMPLIFIER #4 A GAIN OoF 4O DB. THE TRANSMISS1ON LINE BETWEEN
AMPLIFIERS #I AND #2 INTRODUCES AN ATTENUATION OF 3 DB;THAT BETWEEN
AMPLIFIERS #2 AND #3 AN ATTENUATION OF 5 DB;AND THAT BETWEEN AMPLI-

FIERS #3 AND #U4 AN ATTENUATION OF 2 DB. WHAT IS THE OVERALL GAIN OF
THIS COMPLETE AMPLIFYING SYSTEM?

10.- DRAW A FREQUENCY RESPONSE CURVE IN WHICH DECIBELS ARE PLOTTED

AGAINST FREQUENCY AND EXPLAIN THE MEANING OF THIS CURVE.
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LESSON N Qs AS-10
ATTENUATION NETWORKS AND MIXERS

IN HIGH QUALITY SOUND TRANSMISSION CIRCUITS SUCH AS USED FOR TELE-
PHONE L INES,RAD|O-BROADCAST SOUND EQUIPMENT ,PUBL IC-ADDRESS SYSTEMS,TALK=-
ING PICTURE APPARATUS ETC., RESISTANCE NETWORKS KNOWN AS ATTENUATORS ARE
USED EXTENSIVELY.THESE ATTEN-
uAaTors OR PADS, As THEY ARE

MOST GENERALLY CALLED,OFFER A [ ——

MEANS WHEREBY THE eNercY B ol o

WHICH IS BEING TRANSMITTED To W & i 10

A LOAD AT THE FAR END OF THE [ , BN ] ST

LINE MAY BE CONTROLLED IN MAG B # b O
Sl L BE. h

NITUDE AND IN THIS WAY MAKE

POSSIBLE AN EFFICIENT TRANS- ... '\iﬁﬁf’i
MISSION SYSTEM FROM WHICH THE r - o
MAX IMUM OUTPUT OF ENERGY WITH
THE LEAST DISTORTION MAY BE
OBTAINED,

WHEN USED, THESE PADS ARE
ALWAYS IN THE TRANSMISSION
LINE BETWEEN THE SOURCE OF
ENERGY AND THE LOAD. THe
SOUREE OF ENERGY MAY BE ANY
OF THE FOLLOWING:

(1) OuTPUT OF A SPEECH
AMPLIFIER WHICH IS FEEDING AN
OTHER AMPLIFIER LOCATED AT A
REMOTE POINT,

(2) OutPuT OF A LOW LEV
EL AMPLIFIER SUCH AS A CON-

DENSER MICROPHONE AMPLIFIER Fig. |
WHICH IS FEEDING A SPEECH AMP A Two-CHANNEL SaUND AND
LIFIER LOCATED AT SOME DIS- CeNTRALI1ZED RADIO SYSTEM

TANT POINT,
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(3) OuTPUT OF A HIGH LEVEL POWER AMPLIFIER.
(4) OutpuT OF MICROPHONE CIRCUITS ETC.

THE LOAD MAY CONSIST OF A TRANSMISSION LINE CARRYING THE ENERGY
AND TERMINATING IN AN IMPEDANCE LOCATED AT THE FAR END OF THE LINE. THIS
LOAD IMPEDANCE MIGHT CONSIST OF ANY OF THE FOLLOWING:

. - PRIMARY SIDE OF A LINE-MATCHING TRANSFORMER (LINE TO LINE
TRANSFORMER ).

2. INPUT CIRCUIT OF A SPEECH AMPLIFIER.

E. - LouD SPEAKERS LOCATED AT DISTANT POINTS FROM AN AMPLIFIER.
. - MIXING CIRCUITS ETC.

THE CHARACTERISTICS OF A PAD ARE SUCH AS TO IMPOSE A CONSTANT IM-
PEDANCE UPON THE TRANSMISSION LINE AND THEREBY CONTROLL ING THE LEVEL
(MAGNITUDE) OF THE ENERGY WHICH 1S BEING TRANSMITTED TO THE LOAD AT THE
FAR END OF THE LINE. THE PAD MAINTAINS THIS LEVEL BY INTRODUCING A LOSS
IN ENERGY BETWEEN THE SOURCE AND THE LOAD AND AT THE SAME TIME CAUSING

Amplifier to Line to Amplifier
Line Transformer Transformer

N 7 Y

T ////Xx y 7

Ampl. #1

500 o Transmission
ignc Anqﬂ,#iz)

FIG. 2
Tiwo Amplifiers Coupled by a Transmiission Line.
|
NO IMPEDANCE MISMATCH TO THE IMPEDANCES BETWEEN WHICH IT IS WORKING,NAME
LY, THE SOURCE IMPEDANCE AND THE LOAD IMPEDANCE.

A PRACTICAL PROBLEM

To ILLUSTRATE THE APPLICATION OF A PAD AND AT THE SAME TIME EXPLAIN

THE METHOD OF CALCULATING ITS VALUES,LET US CONSIDER THE FOLLOWING PRAC
TICAL EXAMPLE,

IN F1G. 2,THE SIGNAL ENERGY AS SUPPLIED AT THE OUTPUT OF AMPLIFIER
#! 15 DELIVERED BY THE TRANSMISSION LINE TO AMPLIFIER #2 FOR FURTHER AM-
PLIFICATION. YOU WILL ALSO OBSERVE THAT IN ORDER TO BRING ABOUT PROPER
MATECHING OF [|MPEDANCES BETWEEN THESE TWO AMPLIFIERS ONE TRANSFORMER IS
USED TO MATCH THE OUTPUT |IMPEDANCE OF AMPLIFIER #| TO THE TRANSMISSION
LINE AND A SECOND TRANSFORMER IS USED TO MATCH THE TRANSMISSION LINE IN-
TO THE INPUT IMPEDANCE OF AMPLIFIER #2.

SO AS TO HAVE A SPECIFIC PROBLEM WITH WHiCH TO WORK, LET US ASSUME
THAT THE SIGNAL VOLTAGE FURNISHED BY AMPL |FIER #l AND AVAILABLE ACROSS
THE SECONDARY TERMINALS OF THE AMPLIFIER,TO LINE TRANSFORMER AMOUNTS TO
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.5 voLTs R.M.S. WE S8HALL FURTHER ASSUME THAT THE OPERATING CHARACTER™
ISTICS OF AMPLIFIER $#2 ARE SBUCH THAT IN ORDER NOT TO OVERLOAD 1T INPUT
CIRCUIT, A VOLTAGE OF oNLy 0.5 voLTs R.M.S. 18 PERMISSIBLE ACRO88 THE
PRIMARY WINDING OF THE LINE TO AMPLIFIER TRANSFORMER, IN OTHER WORDS, THE
CONDITIONS IN THIS PART |CULAR CASE ARE SUCH THAT |.,5 VOLTS 1S AVAILABLE
ACROSS THE BSBECONDARY

TERMINALS OF THE AMP="
LIFIER TO LINE TRANS=

FORMER WHEREAS  ONLY

0.15 voLTs caN BE

TOLERATED ACROS8 THE

PRIMARY TERMINALS OF

THE LINE TO AMPLIFIER

TRANSFORMER AS POINTED
ouUT TO0 YOU IN FIG.2s

OsviousLy, INOR~
DER TO PRODUCE THE RE
QUIRED LOSS IN 8IGNAL Fla. 3
VOLTAGE BETWEEN THE The H- Pad.
SOURCE AND LOAD ENDS OF THE TRANSMISSION LINE, IT 18 NECESSARY TO INSTALL
SOME FORM OF RESISTANCE NETWORK BETWEEN THESE TWO POINTS BUT AT THE SAME
TIME NOT INTRODUCING ANY IMPEDANCE MISMATCH BETWEEN THE SOURCE AND THE
LOAD,

AMOUNT OF ATTENUAT ION

THE FIRST STEP IN WORKING OUT THE DESIGN OF SUCH A RESISTANCE NET—
WORK S TO DETERMINE TO WHAT EXTENT THE SIGNAL VOLTAGE MUST BE REDUCED
80 AS TO PRODUCE THE REQU1RED ATTENUATION, FOrR EXAMPLE, KNOWING THE VOL—™
TAGES TO BE HANDLED AT BOTH ENDS OF THE LINE, THE CORRESPONDING VOLTAGE
RATIO CAN BE CALCULATED IN THE FOLLOWING MANNER:

~Ei- LB =0

E, 0.15 .
IN OTHER WORDS, A VOLTAGE REDUCTION IN ACCORDANCE WiITH A RATIO OF
10 To | 18 REQUIRED BETWEEN THE INPUT AND OUTPUT TERMINALS OF THE  NET=
WORK WHICH 18 TO 8E
DES IGNED FOR THETRANS—
Z 2 MISSION CIRCUIT IN FiGe

2.

THE NEXT PROBLEM
wHICH CONFRONTS U8 IS
TO CETERMINE WHAT TYPE
OF RESISTANCE NETWORK
IS MOST SUITABLE FOR
PROGUCING THIS LOSS IN
THE TRANSMISS IONSYSTEM
AND YET NOT INTRODUCE
ANY IMPEDANCE MISMATCH,.

Fla. 4 IN COMMUNICATION CIR—
H-Pad Balanced With Respect CUITS, TWO TYPES OF RE-
to Ground. S 1STANCE NETWORKS ARE
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USED FOR TH1S PURPOSE AND THEY ARE CLASSIFIED As (I) "H" TvyPE PADS  AND
(2) "T*" yvpe paDS.

THE H-PAD

THE "H=paD" IS ILLUSTRATED FOR YOU IN F1G. 3 AND AS YOU WILL 08—
SERVE |T CONSISTS OF TWO SERIES CONNECTED RESISTORS Z| BEING INSTALLED IN
EACH SIDE OF THE LINE AND ANOTHER RESISTOR Z, 18 CONNECTED ACROSS THE
LINE BETWEEN THE POINTS AT WHICH THE SERIES RESISTORS ARE UNITED. THE RE
SISTOR NETWORK THUS RESEMBLES THE LETTER H LAID ON 1T8 S8IDE AND I8 THERE
FORE LOGICALLY NAMED AN "H=paD". IT 18 CUSTOMARY TO REFER TO THE VARIOUS
RESISTORS Zyas THE SERIES RESISTORS or SERIES ARMS aAND TO THE RESISTOR
Z,As THE SHUNT RESISTOR or SHUNT ARM, IN SOME CASES, THE SHUNT ARM ISD]
VIDED INTO TWO EQUAL PARTS AND W|TH THE M|D=PO INT GROUNDED AS | LLUSTRATED
IN Fia. 4, THIS LATTER CONNECTION AL8O BALANCES THE ENT|RE NETWORD WITH
RESPECT TO GROUND BUT I8 NOT ALWAYS USED.

Fi1a. 5 sSHOWS YOU HOW THE CONVENTIONAL TYPE OF H=PAD IS CONNECTED

Transmission line
zl 2l ’] =

Zg

z) L

Transmission Line

F1Ga. 5
Installation of the H-Pad In Transmission Circuré .

IN THE TRANSMISSION CIRCUIT, THE SECONDARY WINDING OF THE AMPLIFIER TO
LINE TRANSFORMER (T,) 18 BPOKEN OF A8 BEING THE SOURCE |IMPEDANCE anp 18
DESIGNATED ON THE DIAGRAM AS Z,. THE PRIMARY WINDING OF THE LINE TO AMP=
LIFIER TRANSFORMER (T2) 18 SPOKEN OF As BEING THE LOAD IMPEDANCE ano 18
DESIGNATED ON THE DIAGRAM AS8.Z,. IT 18 IMPORTANT THAT Z AND Z,BE  EQUAL
AND THE TRANSMISSION LINE IMPEOANCES MOST FREQUENTLY USED ARE 200 OHMS;
500 onms AnND 600 oHms. THE 500 OHM LINES ARE USED MOST.

IF AN ATTENUATOR OR PAD IS NOW |NSERTED INTO THE TRANSM|SSION
LINE, IT MUST BE 80 DESIGNED THAT ITS IMPEDANCE IN NO WAY UPSETS THE M-
PEDANCE MATCH BETWEEN THE SOURCE AND LOAD AND WHICH HAS ALREADY BEEN Es—
TABLISHED. WE THEN FIND THAT WHEN THE PAD IS WORKING IN THE TRANSM I8S |ON
LINE, IF THE IMPEDANCE LOOKING INTO THE "SOURCE"™ FROM THE LINE  EXACTLY
EQUALS THE IMPEDANCE INTO THE "LOAD"™ FROM THE LINE THEN THE PAD 18 8AID
TO BE WORKING BETWEEN ITS "IMaAGE, I1MPEDANCES". THIS CAN BE MADE SBTILL
CLEARERBY AGAIN REFERRING TO' F1a. 5. HERE, FOR INSTANCE ,wHEN LOOKING INTO
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THE | AND 2 TERMINALB, THE COMBINED OR RESULTANT IMPEDANCE OF THE PAD
AND THE LOAO MUST EXACTLY EQUAL THE SOURCE IMPEDANCE. SIMILARLV,l WHEN
LOOK ING INTO THE 3 AND 4 TERMINALS, THE COMBINED OR RESULTANT [IMPEDANCE
OF THE PAD AND THE BOURCE MUST EXACTLY EQUAL THE LOAD IMPEDANCE,

THE FORMULA FOR FINDING THE CORRECT VALUE OF THE SERIES RESISTANCE
OorR Z; OF aN H=pPAD FOLLOWSS

2, = —2-9(&"—‘- "WHERE K = THE VOLTAGE RAT10 —EL OR THE CURRENT RA—
! 2 \K+l Eq
T10 —%-L AND Z°= LOAD AND SOURCE IMPEDANCE.
2

RETURNING TO OUR PROBLEM OF DESBIGNING A PAD FOR THE SYSTEM JLLUS~
TRATED IN Fi1G, 2, WE HAVE ASCERTAINED THE VOLTAGE RATIC OR K To BE 10
AND THE IMPEDANCE OF THE TRANSMISSION LINE §S ALREADY KNOWN TO BE 500
oums. (THE LOAD AND SOURCE IMPEDANCE IN THIS CASE WouLrC ALsO EACH BE 500
oHMs). THEREFORE, BY SUBSTITUTING THESE KNOWN VALUES IN THE FORMULA Z =

Zo [ K=1\ we Have?

2 K+
2z = S50 .Ltl)
| 2 10+1
2= 250 (—9-—)
) N
Z, = 250 x 0.82
Z| = 205 oMms
TO FIND THE VALUE OF THE SHUNT ARM OR Z'L QF THE PAD,WE USE THE
FORMULA 27_ = Q2ZoK

K=}
S0 BY SUBSTITUTING VALUES IN THIS8 FORMULA WE HAVE!

3

econdary Primary
lmpedc.mce. = 500 fL \mpadance = 500 O

Z, =705 SL Zy =70% (1L

Z,= Zo5 0 Z,=1205 1L

Fla. &

;ﬂle Complete H - Pad as.
Installed ra the Lrine.
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2. =
z 10%=1
z
7 100 =1
= J0.000
Z2 99

Z, = 10l onms

THE PAD FOR THE 8YSTEM OF FiG. 2 WILL NOW APPEAR AS SHOWN YOU IN
F1Gs 6 AND WHERE ALL VALUES ARE SPECIFIED,

DESIGNING A PAD FOR A GIVEN DB,ATTENUATION
SOMETIMES, THE NATURE OF THE PROBLEM I8 SUCH THAT THE ATTENUATION
WHICH I8 TO BE OFFERED BY THE PAD IS EXPRESSBED IN DECIBELS. AN EXAMPLEOF

SUCH A PROBLEM FOLLOWS?

IT 18 DESIRED TO DESBIGN A 500 OHM TRANSMISS ION LINE N WHICH 18 IN=

21“15fL Z,-llsxz
5oum¢ %” g’ls Soon Zy = 35) L1 %l“é
Load
Z|=llsn. = 1250
Zl-:: S'Oon,
F1a. 7

The Pad Desigin For 10 Db. Attenuatior.

CLUDED ANH=PAD FURNISHINGAN ATTENUATIONOF |0 DB, IN SUCH A CABE,WE WOULD
UBE AN AMPLIFIER TO LINE TRANBFORMER WHOSE SECONDARY IMPEDANCE 18 RATED
AT 500 oHMS AND CONNECT IT BETWEEN THE FIRST AMPLIFIER AND THE LINE. AT
THE SAME TIME, WE WOULD USE A LINE TO AMPLIFIER TRANSFORMER WHOSE PRIMARY
IMPEDANCE 18 RATED AT 500 OHMS AND CONNECT IT BETWEEN THE LINE AND THE
SECOND AMPLIFIER,

To DESIGN THE PAD FOR THIS SAME TRANSMISSION CIRCUIT WE MUST FIRST
DETERMINE THE VOLTAGE RATIO WHICH CORRESPONDS TO THE GIVEN ATTENUAT ION

of 10 De. AND WE DO THIS BY USING THE FORMULA: DB = 20 I..OG° Et AND
X 4
TRANSPOBING IT 80 AS TO SOLVE FOR .EEJ. IN THE FOLLOWING MANNERS
2
De = 20 Log, £
° En
20 we Ei- De
Ez
DivioING BY 20 — oa -&L = D8
Eq 20
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£ = AnTiLOG Os
Eq 20
Since De = 10 IN THIS E
PROBLEM -E-'- = anTiwoe J4Q
z 20
£ = ANTILOG 0.5
Ev
E
— = 3. '6
Eq
THIS CALCULATION SHOWS US THAT THE VOLTAGE RATIG DR _E'.. = 3016

Ez
AND THIS RATIC, YOU WILL RECALL, I8 EQUAL TO K IN THE PAD FORMULAS. To
FIND THE VALUE OF THE SERIES RESISTORS OR Z‘ OF THIS PAD WE AGAIN USE THE
FORMULA?S )

FIGg. &
The T- Pad.

% (&

(3.|6+|
Z, = 250 &Jﬁ)
4,16

250 x 0.5

~N
i

Z‘ = 185 omms.

To FIND THE VALUE OF THE SHUNT RESISTOR OR Zzwz PROCEED A8 FOLL-

OwWs?$
2 = _2ZoK
1 K‘l._ '
Z. = 2 x X 8
t 3,165 1
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THe H=pAD To suPPLY A 10 D8 ATTENUATION IN THE 500 OHMTRANSMISS 1ON
LINE WOULD HAVE THE SPECIFICATIONS NOTED IN Fig. T.

THE T-PAD

THE T=PAD s J1LLUSTRATED FOR YOU IN F13.8. IN THIS TYPE OF PAD THE
TWO SERIES RESISTORS Z, ARE PLACED IN ONE S)DE OF THE LINE ONLY AND THE
SHUNT RESISTOR Z, IS CONNECTED ACROSS THE LINEe THIS ARRANGEMENT OF RE-
GISTORS THUS RESEMBLES THE LETTER "T® FROM WHICH IT DERIVES ITS  NAME,

ALTHOUGH THE T=PAD WILL FURNISH THE REQUIRED ATTENUAT ION, YET WITH
RESPECT TO THE H=PAD IT IS AN UNBALANCED NETWORK. |TS8 ONLY ADVANTAGELIES
IN THE SAVING IN COST OF TWO EXTRA RESISTORS AND THE H—=pPAD 18 REALLY PRE
FERABLE,

THE DEBIGN OF THE T—paAD MUST ALSO BE SUCH THAT IT DOES NOT UPBETY

=lban
BE z'; Zy=ican Ty

— — — -

, Source > Z 4= 2000~

— —— e ——

Zy = 2000~

Fla. o
Complete Design for the T - Fad.

THE IMPEDANCE MATCH OF THE TRANSMISSION CIRCUIT IN WHICH IT IS BEINQUSED
AND SINCE TWO OF THE SBERIES RESISTORS ARE ELIMINATED FROM THIS NETWORK AS
COMPARED TO THE H-PAD, IT STANDS TO REASON THAT THE VALUES FOR Z; OF THE
T=PAD MUST BE JUST TWICE AS GREAT AS FOR AN H-PAD CAPABLE OF  SUPPLYING
THE SAME ATTENUATION., THE VALUE FOR Z,; OF A T—PAD WOULD BE THE SAME AS
FOR THIS SAME RESISTOR IN AN H=PAD OF EQUAL ATTENUAT ION.

THESE CONDITIONS BEING TRUE,WE FIND THAT THE FORMULAS FOR CALCULAT—
ING THE VALUES OF Z( AND Z, OF A T~PAD ARE AS FOLLOWS:

z, =z (%=
o\ K+l
AND 2. = 220K
= K2
lN BOTH THESE FORMULAS Z°= LOAD AND SOURCE MPEDANCE AND K = THE

VOLTAGE OR CURRENT RATIO OF ATTENUATION THE SAME AS ALREADY PRESCR|BED FOR
OUR H-pAD DESIGN FORMULAS.

To ILLUSTRATE THE APPLICATION OF THESE T=~PAD DESIGN FORMULAS, LET US
WORK OUT THE VALUES FOR A PAD OF THIS TYPE TO BATISFY A GIVEN TRANSBM IS O™
ION CIRCUIT,
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A T-PAD DESIGN PROBLEM

PROBLEM: IT 18 DESIRED TO INSTALL A T=pAD IN A 200 OHM TRANSMISSION LINE
80 A8 TO OBTAIN AN ATTENUATION OF 20 Ds.

SOLUT ION: THE FIRST S8TEP 1S TO SELECT SUITABLE TRANSFORMERS FOR BOTHENDS
OF THE LINE 80 THAT THE SOURCE IMPEDANCE AND LOAD IMPEDANCE WILL BOTH BE
EQUAL TO 200 oHms.

WE COMMENCE WORKING OUT THE DESIGN FOR THE PAD BY DETERMINING THE
VOLTAGE RATIO REQUIRED AT THE ENDS OF THE LINE IN THE FCLLOWING MANNER:

De=20Loe—E-l-

I0E 5
Ey_ De
Loa £, 20
-EL = anTiLoc DRE_
(9 20
~£1 = anTiLoe 22
€z 20
“E1 = ANTILOG |
E2
—E't = |0 = K OF THE PAD FORMULA

To DETERMINE THE VALUE FOR Z, OF THE PAD PROCEED AS FOLLOWS:

FRAC
z, = 200(%'1)
z,= 200(—-?—'

Z|= 200)(.82
Z, = |64 oHms.

We arReE Now READY TO DETERMINE THE VALUE FOR Zz_OF THE PADAND THIS
18 DONE IN THE FOLLOWING MANNERS

. 2ZoK
2= ki
10% =i

4000
99

Z, = 40,4 omms.

N
N
]

HAVING OBTAINED THE NECESSARY VALUES,WE CAN NOW DRAW THE D | AGRAM
FOR THIS TRANSM|ISSION CIRCUIT AS SHOWN IN F1Ge O AND WHERE ALL VALUES ARE
8PECIFIED,




paGe 10 AMPL,S8YSTEMS

SELECTION OF RESISTORS

NOoT ONLY 18 IT IMPORTANT THAT REEISTORS OF CORRECT VALUE BE UBED IN
AN ATTENUATION NETWORK BUT [T I8 EQUALLY IMPORTANT THAT ONLY RESISTORS OF
THE HIGHEST QUALITY BE SELECTED FOR THIS PURPOSE, FURTHERMORE, 80 THAT
THE IMPEDANCE OF THE PAD MAY BE UNIFORM THROUGHOUT THE ENTIRE BAND OF FRE
QUENCIES BEING HANDLED, IT IS8 NECESSARY THAT THE RES|8TORS USBED THEREIN BE
OF THE NON—=INDUCTIVE TYPE AND AT THE SAME TIME INTRODUCE A MINIMUM OF CA—
PACITY INTO THE CIRCUIT,
M{IXERS

IN PREVIOUS LESSONS, YOU HAVE ALREADY B8EEN
SHOWN HOW A SINGLE MICROPHONE OR PHONO QRAPH
PICK=UP MAY BE CONNECTED TO THE INPUT OF AN
AMPLIFIER, HOWEVER, FOR A GREAT MANY PURPOSES
FOR WHicH A.F. AMPLIFIERS ARE USED |T ISNECESS~
ARY TO FEED THE ENERGY FROM SEVERAL M| CROPHONES,
FROM SEVERAL PHONOGRAPH P|CK=UPS, FROM A RADIO
Fla, 10 RECEJVER, OR A COMBINATION OF ANY OF THESEUNITS
4 Ty,ofca/ Mixer INTO THE INPUT OF A SINGLE AMPLIF{ERs T0OACCOMP=
LISH THIS, WE EMPLOY A SPECIAL CIRCUIT ARRANGE-
MENT KNOWN As A MIXER BETWEEN THE VARIOUS PICK=UP UNITS8 AND THEAMPL|FIERe
You ARE sHOWN A TYPICAL MIXER IN F1G. |0 AND AS YOU W)LL OBSERVE,IT CON—
S18TS ESSENTIALLY OF A CONTROL PANEL ON WHICH ARE MOUNTED A SERIES OF CON
TROL KNOBS WHEREBY THE S81GNAL ENERGY FROM THE [NDIVIDUAL PICK=UP UNITS
CAN BE SET AT A OEFINITE LEVEL BEFORE BEING DELIVERED TO THE AMPLIFIER,
QUITE OFTEN, A MILLIAMMETER 18 ALSO FURNISHED FOR MEASURING THE M{CRO—
PHONE CURRENT.

IN CONBIDERING THE VARIOUS MIXER CIRCUJTS WHICH ARE COMMONLY USED,
WE SHALL START W|TH THE MORE SIMPLE ARRANGEMENTS AND THEN GRADUALLY AD-
VANCE THROUGH THE MORE COMPLEX ARRANGEMENTS.

IN F1ge || YOU ARE SHOWN ONE METHOD WHEREBY THREE MICROPHONES MAY
BE CONNECTED TO THE INPUT OF AN AMPLIFIER THROUGH A MIXING CIRCU|T, THE
THREE MICROPHONES, FOR EXAMPLE,MAY BE LOCATED {N DIFFERENT SECTIONS OF A
STUDIO PICKING UP THE PROGRAM, BY MEANS OF THE MIXING CIRCUIT ANOPERATOR
BY LISTENING TO A MONITORSPEAK—
ER CAN ADJUST THE THREE POTENT~
tOMETERS SO THAT THE SIGNAL EN-
ERGY FROM EACH M| CROPHONE CAN BE m‘l‘gm-{“ 3
REGULATED 80 AS TO BLEND W|TH 1 ::ﬁ% >~

THE. SIGNAL PICK—=UP OF THEOTHERS .
Mlcro-§ o

AAAN

AND THEREBY FURNISH A WELL BAL= |ione
ANCED SOURCE OF ENERGY TO  THE #1
AMPLIFIER, IN THIS WAY,WE CAN .
PREVENT THE SOUNDS AT ONE PART ;?.::;‘:{' % 1.
OF THE STUDIO FROM BEING LOST, | #3 ¥
80 TO SPEAK,AND AT THE SAMET IME
PREVENT THE SOUNDS FROM THE

OTHER PORTION OF THE 8TUD{|OFROM
BECOMING 80 LOUD AS TO BEBLAST~ Filg. 1!

ING IN EFFECT, Mixer Circuit For Three
By sTuoving FiGg.ll  wmoRE Microphones

- To Ampl.
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CLOSELY YOU WILL NOTICE THAT AN IMPEDANCE MATCHING TRANSFORMER I8 S8UPP—
LIED FOR EACH MICROPHONE AND THAT A POTENT {OMETER 8 CONNECTED ACROSS THE
SECONDARY TERMINALS OF EACH OF THESE TRANSFORMERS. THE ENT|RECOMBINAT {ON
OF POTENT IOMETERS ARE CONNECTED IN A SERJIES ARRANQEMENT AND TOGETHER CON
NECTED ACROSS THE PRIMARY WINDING OF ANOTHER TRANSFORMER WH|CH TRANSFERS
THE 8IGNAL ENERGY TO THE INPUT

CIRCUIT OF THE AMPLIF JER, Phonograph
Pick-up Control Arm
A PICK-UP FADER CIRCUIT (:\’ | _ {

Fig. 12 sHows vou a "FaDER
CIRCUITY TO BE USED IN CONJUNOC—
TION WITH TWO PHONOGRAPH P 1CK=UP
UNITS OPERATING ON INDIVIDUAL
TURN=TABLES. THE FADER IS ASPEC—
1AL FORM OF POTENT JOMETER,HAV ING (f’f

A CONNECTION AT THE CENTER OF ITS Phonograph Pick-up
RESISTANCE ELEMENT AS WELL AS AT

BOTH ENDS AND THE ARM CONNECT|ON. FlG.12

ONE END OF EACH PICK—UP WINDING Pick -up Fader Circuit.

I8 CONNECTED TO THE CENTER TAP

TERMINAL OF THE FADER'S RESISTANCE ELEMENT AND THE OTHER ENDS OF THE

PICK=UP WINDINGS ARE CONNECTED TO OPPOSITE END TERMINALS OF THE FADER's
RESISTANCE ELEMENT.

THE ARM OF THE FADER- IS CONNECTED TO' ONE S8IDE OF THE AMPLIFIER'S IN
PUT CIRCUIT,WHILE THE CENTER TAP OF THE RESISTANCE ELEMENT |8 CONNECTED
TO THE OTHER SIDE OF THE AMPLIFIER CIRCUIT, THE ACTUAL APPEARANCE OF
THI8 FADER |8 sHOWN You IN Fi1a., 13e

THE RESISTANCE ELEMENT OF THI8 FADER HAS A TAPERED CHARACTERISTIC

80 THAT A GRADUAL AND 8MOOTH DECREASE OR INCREASE IN VOLUME CAN BE 0B-
TAINED A8 THE CONTROL ARM IS ROTATEDe BY CAREFULLY INSPECTING THE CIR~
CUIT DIAGRAM IN F1G. |2, IT CAN BE SEEN THAT BY ROTATING THE FADER ARM
FROM ONE HALF OF THE RESISTOR TO THE OTHER HALF, THE OPERATOR CAN SW|TCH
FROM ONE PICK—UP UNIT TO THE OTHER AND THUS CHANGE PROGRAM RECORDS WITH
"A "FADING~AWAY" CHARACTERISTIC BETWEEN CHANGES
Center 80 THAT NO ABRUPT DIFFERENCE IN RECORDING I8
PERCEPTIBLE TO THE LISTENER.

Kneb CONSTANT IMPEDANCE VOLUME CONTROLS

ONE OF THE D1SADVANTAGES OFFERED BY THE
S IMPLE TYPES OF VOLUME CONTROLS AND MIXER CIR—
CUITS 18 THAT THE (MPEDANCE OF THE CIRCUITDOES
NOT REMAIN CONSTANT FOR OIFFERENT SETTINGS OF

il ‘ \ %z;:hal THE VARIQUS POTENTIOMETERS AND A8 A RESULT THE
v/, a3 b QUALITY WILL SUFFER TO A CERTAIN EXTENT.|T 18
CAWn\Ténninal FOR TH|8 REASON THAT SPECIAL T=PAD VOLUME CON—
End . TROLS ARE NOW BEING EXTENSIVELY USED IN PLACE
Terminal OF ORDINARY POTENTIOMETERS IN SOUND SYSTEMS
WHERE THE BEST QUALITY OF REPRODUCTION I8 RE-
Fita.13 QUIRED.
The Fader.

AN EXAMPLE OF USING A T=PAD VOLUME CON—
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TROL 18 SHOWN YOU IN F1Gel4 AND THE UNIT |TSELF APPEARS IN FiG. 5., VoL~

UME CONTROLE OF TH{IS TYPE CONSIST OF THREE INDIVIDUAL RESISTANCE ELE=
MENYTS W(TH SLIDING CONTACTS OPERATING SIMULTANEOUSLY ACROSS ALL OF THEM
AND IT 18 CUSTOMARY ‘TO
DRAW THEM N 8YMBOL FORM

T- Pad Volumz Control ,, A5 DONE IN Fia. 4,

THE EQUIVALENT CIR—

; CUIT OF THE T=pPAD VOLUME

: CONTROL |8 THE BAME AS

‘\\> ////"< THAT OF A T=TYPEATTENUA—
' TOR OR T=PAD ABOUT WHICH

YOU STUDIED EARLIER IN
THIS LESSON. IN SUCH A
\mpcdance _ VOLUME CONTROL T 18POS=
8IBLE TO SO PROPORTION
THE RESISTANCES |N LEG@S
Ela. 14 | aNo 3 oF FiG. 14 s0 as
. c TO HAVE A PROPER |MPED=
dpplication of a T-Pad Volurme Cortrol. ANCE MATCH FOR THE LOAD
END OF THE CIRCUIT., THE RESISTANCES ACROSS BOTH THE SOURCE AND LOAD RE-
MAIN CONSTANT WITH CHANGES IN POS(TION OF THE SL|DERS.

Sourc¢ Loa d

impedance

MOVING THE ARM UPWARD ON THE RESISTANCES IN F1@. |4 REDUCES THE
AMOUNT OF RESISTANCE IN LEGS | AND 2 WHILE INCREASING THE RESISTANCE IN
LEG 3. THIS PERMITS GREATER ENERGY TRANSFER, LESS ATTENUATION AND GQREATER
VOLUME, MovING THE ARM DOWNWARD REVERSES THESE CHANGES IN RESISTANCE,DE~
CREASING THE ENERGY TRANSFER AND VOLUME UNTIL A POINT OF ZERO ENERGY TRAN
SFER 13 FINALLY REACHED.

CONSTANT IMPEDANCE M|XERS

In F16.16 YoU ARE SHOWN A MIXER CIRCUIT EMPLOYING FOUR T—PADVOLUME
CONTROLSE IN ORDER TO CONTROL THE ENERGY SUPPL|ED BY FOUR M|CROPHONES.
THESE FOUR VOLUME CONTROLS A=B—C AND D ARE RATED AT 50 OHMS EACH AND con
NECTED ACROSS SOURCE IMPEDANCES OF EQUAL VALUE.THESE S8AME FOUR VOLUME
CONTROLS ARE EFFECTIVELY CONNECTED INSER
1ES AND TOGETHER CONNECTED ACROSS A LOAD
IMPEDANCE OF 4 Times 50 or 200 oHMs AND
WHICH TRANSFERS THE SIGNAL ENERGY TO THE
AMPLIFIER BY TRANSFORMER ACT ]ON.

ALTHOUGH CARBON M|CROPHONES ARE
HERE {LLUSTRATED, THE SAME S8YSTEM WOULD BE
EMPLOYED WITH A CONDENSER OR R{BBON MIC~
ROPHONE ONLY THAT THE OUT=PUT OF THEIR
RESPECT IVE PRE-AMPLIF{ERS WOULD BE CONN-
ECTED TO THE VOLUME CONTROLS THROUGH A
LINE EQUIPPED WITH PROPER IMPEDANCE MATCH
ING TRANSFORMERS AT BOTH ENDS.

IN F1Ge 17 YOU ARE SHOWN A CON~—
STANT (MPEDANCE MIXER CIRCUIT EMPLOYING Fla. 15
T=PaD VOLUME TRO ND WH CH TAKES
CONTROLS AND WH{C The T- Pad
CARE OF FEEDING THE ENERGY FROM A RADIO v Coniro/
TUNER AND DETECTOR,A MiCROPHONE AND A olume Contro
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PHONOGRAPH P ICK=UP INTO THE INPUT OF THE AMPLIFIER, IN THIS PARTICULAR
CASE, EACH OF THE VOLUME CONTROLS IS RATED AT 200 OHMS TO MATCH CORRES™
POND ING SOURCE IMPEDANCES AND SINCE  THE

Ampl. THREE VOLUME CONTROLS ARE CONNECTED IN
S8ERJES, THE LOAD IMPEDANCE ACROS8S WHICH
é’/\ THEY ARE TOGETHER CONNECTED (8 RATED AT

‘i 3 TiIMES 200 OR 600 OHMS,

MOD |FIED CONSTANT [MPEDANCE MIXER

Due To THE HIGH cosT ofF T—pADVOLUME
el | CONTROLS AND |F THE NATURE OF THE INSTALL—

8E & ATION 1S SUCH AT AN ABSOLUTELY  CONSTANT

= BT 553 IMPEDANCE VOLUME CONTROL I8 NOT ESSENTIAL,
€ L THEN A MODIFIED CONSTANT IMPEDANCE MIXER

| i CIRCUIT CAN BE ARRANGED AS ILLUSTRATED IN
+‘M_éi son 5% Fia. 18 WHERE FOUR L~PAD VOLUME CONTROLS
| ; ARE BEING USED. THESE VOLUME CONTROLSHAVE

ONLY TWO RESISTANCE ELEMENTS ACROSS WHICH
SLIDERS MOVE SIMULTANEOUSLY ANO THEY MAIN
Fla. 16 TAIN A FAIRLY CONSTANT IMPEDANCE ALTHOUGH
NOT AS PERFECT AS THE T=PAD CONTROL., How—
EVER, SINCE THEY ARE NOT 80 EXPENSIVE AS
THE T=pPAD CONTROL THEY ARE USED CONSI|DER—
ABLYe

Application of Corstant
Impedance Mixer.

EACH OF THE L=paAD VOLUME CONTROLS IN F1G. 18 ARE RATED AT 50 oHMs
AND SINCE THEY ARE CONNECTED IN SERIES, THE LOAD IMPEDANCE CHOSEN 18 200
oHMg, THE QENERAL OUTER APPEARANCE OF THE L~PAD VOLUME CONTROL I8 MUCH
THE SAME AS THE T=pAD VOLUME CONTROL sHOwWN IN Fig. 15,

0B.VOLUME CONTROLS

IN s8OME A.F. AMPLIFYING EQUIPMENT YOU WILL FIND THE VOLUME CONTROL
ARRANGED SOMEWHAT AS ILLUSTRATED IN FiG. |9, HERE THE CONTROL UNIT 18
PROV IDED WITH TWELVE 8WITGH POSITIONS INCLUDING AN"OFF ‘AND A "FuLL—ON"
POSITIONe IN THE PARTICULAR |LLUSTRATION HERE SHOWN EACH OF THESE SWITCH
POS I TIONS REPRESENTS A LOSS OR ATTENUATION

oF 2 Da, IN OTHER WORDS,WHEN IN THE POSI— Ampl.
TION FOR MINIMUM VOLUME,THIS VOLUME CONTROL 5 a— IE2/\
WILL INTRODUCE AN ATTENUATION oF 20 De. In srecros NEn SEL ‘
THE AMPLIFIER CIRCUIT. THE VOLUME CAN BE . E 3¢ §i
INCREASBED OR REDUCED IN TEN 8TEPS,2 DB, AT E %,
A TIME, iH.].}_g zmﬂ‘:;:

VOLUME CONTROLS OF THIS TYPE ARE ALSO wexve ﬁi%
kNown as DECADE VOLUME CONTROLS anD IN somME £ = 5

CASES YOU WILL FIND THE VOLUME CHANGES TO 7
occur IN | DB.sTEPS,S0METIMEZ N 3 DB.STEPS
ETCe., DEPENDING UPON THE PART|CULAR REQUIRE
MENTS OF THE EQUIPMENT. THE MAXIMUMATTENUA= ElG. 17
TION *MPLOYED ALSO VARIES WITH OJFFERENT RE

QU | REMENTS. Another Constant

bﬁpza%nce Mixer.

A COMMON METHOD OF USING sucH A De.voy
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UME CONTROL IN AN AMPLIFJER CIRCUIT IS JLLUSTRATED FOR YOU IN FiGe20.

HERE YOU WILL NOTE THAT tHE GRID LEAK RESISTOR OF THE SECOND AF, TuBE
18 TAPPED AT INTERVALS 80 THAT AS THE CONTROL ARM |8 OPERATED THEEFFECT—
IVE GRID LEAK RESISTANCE FOR THE SECOND

Ampl. TUBE 1S ALTERED,

]

h S0 AS TO HAVE THE VOLUME CHANGES
OCCUR |IN DEFINITE DB,sTEPS, IT I8 oF
COURSE NECESSARY THAT THE IND!V |DUAL RE=
S18TOR SECTIONS OF THIS CONTROL HAVE
THE PROPER VALUE, TO JLLUSTRATE How

THESE VALUES ARE OBTAINED,LET USCONS|D~
ER A SPECIFIC PROBLEM, HERE IT 18!

IT 18 DESIRED TO CONSTRUCT A DE-

5 CADE VOLUME CONTROL WHICH WILL FURNI|SH

' { A MAX[MUM ATTENUATION OF 20 Ds,anD TO

+*|'}—§ sor %—I? HAVE THIS ATTENUAT|ON OCCUR IN |0 sTEPS

oF 2 De. CHANGE EACH. IN ADDITION, A

POSITION OF MAXIMUM VOLUME (THE O POS |-

Fla. 18 TION)AND AN "OFF" POSITION ARE ALSO DE-
Application of L — Pad 8 1RED,

Volume Control.

THIS ARRANGEMENT WOULD APPEAR AS
ILLUSTRATED IN Fi1G. 20 AND WE SHALL ASSUME THAT THE TOTAL GRID LEAK RE—
SISTANCE FOR THIS PARTICULAR CIRCUIT I8 TO BE 250,000 oHms. THE si1GNAL
VALTAGE WHICH IS APPLIED TO THE GQRID OF THE seconp A,F, Tuee InN Fig., 20
WILL BE THAT VOLTAGE WHICH IS PRODUCED ACROSS THAT AMOUNT OF RESISTANCE
USED IN ITS GRID LEAK CIRCUIT AND SINCE NO GRID CURRENT FLOWS IN A CIR—
CUIT SUCH AS THIS, THE SIGNAL VOLTAGE APPEARING ACROSS THE GRID CIRCUIT
WiLL BE PROPORY [ONAL TO THE RESISTANCE INCLUDED IN THIS CIRCUIT.

YoUu ARE ALREADY FAMILIAR WITH THE FORMULA DB = 20 Log —%l WHERE
z
E,= THE LARGER VOLTAGE AND Ez= THE SMALLER VOLTAGE. THEN SINCE (N THIS
PROBLEM THE VOLTAGE_ 1S PROPORTIONAL TO THE RESISTANCE, IT IS ALSO TRUE
THAT DB = 20 woe -RL  where R,: THE LARGEST RESISTANCE VALUE OR THE
R2
TOTAL GRID LEAK RESISTANCE AND Rz= THE GRID
CIRCUIT RESISTANCE REQUIRED TO PRODUCE THE

FIRST STEP OF ATTENUATION, DB/ATTENU %
/7 1m__e //
SINCE WE DESIRE TO SOLVE FOR Rp,WECAN I /4
REARRANGE THE FORMULA DB = 20 Log -%L AND {// o -&
Py
APPLY IT IN THE FOLLOWING MANNER?
De = 20 Loa _:_L

- 2
20 og —L = Ds.

Ra
DIVIDING BY 20 —— L.oc.—-g-L =-—g—g FlGa. 19
z The Decade
Rt - AnTioe D8 Volume Control.
Rz 20




THE VALUES  FOR
THE REMAINING SECTIONS
OF THE VOLUME CONTROL

LESSON NO.10 PAGE |5

SINCE DB =2 2 --meccccmmee Ri = anTitoes -2
Ry 20
gL = ANTILOG O,

3
R
R = 1259
THEN SINCE Ry =
250,000 oumM R,=250,000 [ _ 1l o,

! ‘259 'ﬁb-c. lﬁAq A.F,
= 198,570 oumus. THis b:;q Tube
MEANS THAT THE GRID c:’.._.é. {
CIRCUIT RESISTANCE IS o -

TO BE REDUCED  FROM 3 L
250,000 ouMs To 198, 3t
570 OHMS IN ORDER TO F€ =n
PROVIDE THE ATTENUA- Gg m
TioN of 2 De.THEREFORE, B+ 43 SE::'°I
secTioN "A"OF THE voL- 1S =
UME CONTROL WILL RE- J »
QUIRE A VALUE ofF 250, ore
000 Minus 198,570 or
51,430 oHms.

FlG. 20

Cirecuit Application of Db. Volume Control.

ARE DETERMINED IN THE FOLLOWING MANNER:

Section B = 198,570 minus 198,570

40,850 onms.

SecrioNn C = 157,720 MiNus

32,446 onms.

Section D = 125,274 minus

25,417 onwms.

Section E = 99,857 minus

20,273 oHmMs.

Section F = 79,314 Minus

16,317 oHmMs

Section G = 62,997 MiNus

12,960 oHMs.

SectioNn H = 50,037 MiINus

10,294 oHms,

Section | = 39,743 minus

8,176 oHms,

Section J = 31,567 MiNus

6,494 onms.

V,259

198,570 Minus
157,720 MiNus
125,274 miNus
99,587 minus
79,314 minus
62,997 MINUS
50,037 MINUS

39,743 MiNus
31,567 MiINUS

157,720
125,274
99,857
19,314

62,997
50,037
39,743
31,567
25,073

TH1S LEAVES 250,000 MiNus 224,657 or 25,343 OHMS FOR THAT

OF THE RESISTANCE BETWEEN

THE 20 DB. AND THE

PORT | ON

OFF" POSITION,AND WHICH

WOULD PRODUCE A RATHER NOTICEABLE THUDDING SOUND WHEN THE CONTROL PAS-

SES THROUGH THIS POSITION,

IN SUCH A CASE, YOU CAN EITHER ADD SOME MORE

2 DB. STEPS OF ATTENUATION OR ELSE REDUCE THIS LAST RESISTANCE SECTION
To 3,000 or 5,000 OHMS AND WHICH WILL NOT MATERIALLY

AFFECT THE PER=-
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FORMANCE OF THE SYSTEM.

THE RESISTORS USED FOR TH!S PURPOSE SHOULD BE OF THE NON-INDUCT IVE

TYPE AND INTRODUCE A MINIMUM OF CAPACITY IN THE CIRCUIT.

' e =

EXAMINATION QUESTIONS

LESSON NO. A.S.-10

DRAW A DIAGRAM OF AN A.F., TRANSMISSION LINE CONNECTING TWO AMPLI -
FIERS TOGETHER AND SHOW HOW A T-PAD WOULD BE INCLUDED IN THIS LINE.

DRAW A DIAGRAM OF AN A.F. TRANSMISSION L INE CONNECTING TWO AMPL |-
FIERS TOGETHER AND SHOW HOW AN H-PAD WOULD BE INCLUDED IN THIS
L INE.

IN A CERTAIN AMPLIFYING SYSTEM A SIGNAL VOLTAGE OF 2 voLTs R.M.S.1s
FURNISHED TO THE SOURCE END OF THE TRANSMISSION LINE. CONDITIONS
ARE SUCH THAT ONLY | voLT R.M.S. CAN BE TOLERATED AT THE LOAD END
OF THE TRANSMISSION LINE. WORK OUT THE DESIGN FOR AN H-PAD WHICH
WILL SUPPLY THE NECESSARY ATTENUATION IN THIS LINE AND DRAW A CIR-
CUIT DIAGRAM OF THE SYSTEM, INDICATING THE ELECTRICAL VALUES OF ALL
PARTS USED.

IT 1s DESIRED TO DESIGN A 200 OHM TRANSMISSION LINE IN WHICH IS IN-
CLUDED A T-PAD WHICH WILL FURNISH AN ATTENUAT ION OF 6 De. Work our
THE DESIGN FOR THIS TRANSMISSION LINE AND INDICATE ALL ELECTRICAL
VALUES OF THE PARTS USED ON A DIAGRAM,

WHAT 18 A "Mixer"?

DRAW A DIAGRAM OF A MIXER CIRCUIT SHOWING HOW THREE MICROPHONES CAN

BE WORKED INTO THE INPUT OF A SINGLE AMPLIFIER. CONVENTIONAL POTEN-
TIOMETERS ARE TO BE USED.

WHAT IS THE CHIEF ADVANTAGE WHICH IS OFFERED BY CONSTANT IMPEDANCE
VOLUME CONTROLS?

DRAW A DIAGRAM SHOWING HOW THREE T-PAD VOLUME CONTROLS MAY BE USED
TO CONTROL THE VOLUME OF A RADIO TUNER AND DETECTOR,MIiCROPHONE, AND
PHONOGRAPH PICK-UP, WHICH ARE ALL BEING WORKED INTO A SINGLE AMPL |-
FIER.

DescriBe A "DeECADE" OR "DB. VOLUME CONTROL".

How WOULD You PROCEED TO DESIGN A DB. vOLUME cONTROL?



